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The original edition of The Economy of Lnergy Conser: 


vation in Educational Facilities was published in July 


~ 1973, Although only five years have passed, 1973 was 


another era.in terms'of the national energy crisis. Since 
then we have experienced an oil hoycott, severe poriodic 


_ sitortages of fuel, several unpleasant winters, huge jumps - 


‘in the cost of energy, increasing dependence on foreign oil 


“imports, and. a worldwide ecofiomic. recession. These. * 


» lamentable events led to attempts to formulate. and 
implement a national energy program that, at least, 
resulted in a new federal agency. They also generated on 


“a nationwide, scale an increased awareness ‘of energy” 
~ congervation. measures that can be taken in planning | 


_ Row buildings and in operating existing patldinn. 

Tha revised edition updates the dev Jlopmentsi in onuriy 
conservatiqn: for educational facilities that have oc- 
curred since 1973, A great deal has happened, and most of 


it ig due to the inventiveness of school districts and: 


-. colleges, and. the organizations that serve ‘them. ‘The 
original theme of the book is more relevant today than 


i ever before: saving energy in educational facilities per- 
mits cost avoidance (a term introduced since 1973) and 


he}ps prevent the erosion of programs and services. And 
‘now we must add a further theme: saving energy is vital 


“to the national interests. We cannot retain and improve 


‘the society we have developed over 200 years if we don't 
all tackle the problem . For education not to do so would 


tbe an abdication of a. traditional role of national leader- 


ship. — . 


To auttiie distill, and present the intanmations in the first 


7 


edition of The Economy of Energy Conservation, EXL 
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‘Systems; An Approach to School Construction. An in- 


formal panel of specialists advised.eF1, during the devel. 
opment of the research for Economy and. reviewed the 


final form’ of its contents, We thank Fred Dubin, \ne- 


‘ chanical engineer; Hill Lam, lightiig consultant; Harry 
Rodman, ‘architect; Richard Stein; architect; and Ed | 


Stephan, a federal energy administrator. Three members 


of the BFL staff contributed to the revised edition, Alan 7 


C. Green, Sy Zachar, and Steven Bedford, 
| : ay 


~The" 1973, report had an orange cGVer~and became 
known an "ERE a litte orange book." The 1978 edition hag — 


the same color cover, and with the assistance of grant 
support from the Fixxon Corporation we're pleased to 


update and reissug “Ket’s litle orange book.” 
vs 
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ovever you view it, Khe educational enterprise in 

America is dramatically extensive, Fducation is 
sthe primary activity of 64 imillich Americans, 
one out-of every four; it accounts’ for 8% of our Grose 
National Product; and we expend in the pelghborhood of 
$120 billiop in ita support. More tox the point of this’ 
report, the physical plant to house the educational 
enterprise is estimated at about-7 billion aq FUof space or 
260 aq mijes of building, The energy bill for heaging, 
cooling, and lighting public schools (including kitchens 
and equipment) is now $3.2 billion per year, Oneof the 
‘reasons for this gargantuan total is that energy ‘coats 


“have increased over 100% in the last five years, 


No othet cost inthe eduentional budget hast aken sucha 
dramatic leap. And. this inerease means that enerpy 
outa are constming A atendily incteasing share of the 


educational budget ata time when the whole edlucation- 


at enterprise faces severe financial problems. Thus when 
the total budget ia limited, any INerenses iy enetpey costs 
have, to be. pAid at the expense of library resources, 
maintenagce and upkeep of existing buildings, and ape- 
cial programs, ALL of whjch reduces the opportunity for 
education to remain sina and inventive, 

As more peaple become gware: of the tride-of fin pro- 
grams and services for ane necessity for consery- 
ing energy in ctlucational facilities gains wider attention, 
Unfortunately, theidert of conservation collides head-on 
with traditional American attitudes, For example, over 


‘heating of buildings is historically one of our wasteful 
“habits. On his first visit here in 1842, Charles Dickens 


denounced “.. .theeternal, accursed, suffocating, red-hot 
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demon of a stove..." Long habituated to apparently 
limitless sotirces of energy--from the’ vast forests, from 
mines, andfrom the aubterranean oil wella— we Amerti- 
‘cans have perennially ranked among the world’s biagest 
energy. Usera, Today, otf A per capita basis, each of ts 
consimes nearly mine times as much energy as the 
average of the rest, pt the world. : 
oe 

There ja alan the clear iMphet atenorey ‘coata on interna: 
tional economica. The United States imports almost half 
ita oil, and in 1977 the 345 billion apent.on of was by far 
the largest contributing facterte the nation’a IZMbillion 
grade deficit, The ecototnista tell us that auch Mtade 
deficita weaken the dollar, increase inflation, jeafardize 
the ecofiomy. and increase the chante forper onamle 
recession. 


Itisinour culture toasaume that a national problem can 
he resolved by new technology, and thuaa few vears ago 
optimists hoped. that technology would solve the enerity 
criaia hy presenting ua wilh new, cheap, easily available 
and lesa polluting SOTITees of energy Bint new it ia 
apparent that hohe of thean« not even the current forma 
of nuclear generatera~will provide (ha ultimate anawer 
during this century, Today's consumera must solve 
today's problems by using the familiar fneai] fuels—coal, 
oil, arid natural gas. Phere ia ne shert-term solution an 
the technological horizen Wei nmeist simply fearn ta 
conserve energy, J 
< * 4 

Conservation ineduecntional facilities is neceneqpy on tao 
levels—fihanaal and spiritual The financial objective 
haa been delineated: te reduce the erosion of programs 
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and we ee. on a L apiritenl tect. education frat KOT 


& 


tribute to the national resolution by providing an etam— 
ple of atewardehip and by teaching the etudents— who are 


the citizens of the future-how ta cope aith this al 


. 


COTTCET HH. 


Home of the coping techniques will take time te materi: 


alize, We have lagged in energy coneervation tec fin kques | 


Partly becanse the building induetes lid not dec elope any 
and prattly ferarras huilding owfere warm preeerripted 
with capital crate ‘aa oppesed ( poperatag and mainte: 
nance coata, School and college administrators ara efter 
handicapped by ibinfermed guardiana of the puletr 
freacury who minimjre highly visdsle vapitals sta hele 
burdening the public etth needieaniy heaey operatitis 
and tainterinece cesta fer the 40 vear life ofa Peaiislinng 


Hopeful nigns : : : 


. . 


® Game, init far es All. ehood chat te and -olleges 
Hace initmterd wellergayiizeed andl effes five energy cen 
efyvation programe. : 

*# There 4 Tew of eeperionce and informal ian on 
sonsetvablan ter Iyhieynves Asailahle to drama, The ena. 


neering es Gestay Sanita have sharpens! their 


Lifsee| tee 


Sy ae dar 


srdacnliole effect f on energy waa, new fe ee 


energy, heal pes tet’, ize ae grhepatiens is being sles rf 


oped and i beginning fer pearly pact effestive lewels, 


eneres eesenys ation iid al are as ailabia Ripe ve aa those 


fnarencett bre econ EEF ‘ 
Blant Adminietratera, Nationa 
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‘and t: niversil v Hu sincea Offic BEE ard Amerr ati e ouneit 


my Education), and the © ouneilof Fduc ational Facility 
Planners, enetay audit pregrame auch aa-pene Public. 
Schaole Erfyrey Conaervation Service (PSE, CARY ave 
available at low rode: earely a, ‘day pateea without # 
conference, workshop! cf seyrivar dealing with energy 
raneervation in ede ational buildings, 

@Ginte governments have entered the srene sftan: at. 
Mitfedly. to benefit Trem fector a fargease Plat ae leat ali 
states hare “enetg’ nifjess and meat atate edurafion 


i 


departments have initiated programs? and in many eaded 


the (we are even talking tr gether Reyne eaten, natably 
New York. “North Carohina, Coboradte. Wes, Tb. aed 
New Metin h qreorganired Ferg congen, afin aersives 
Fos 21553 a Ene sheet destriets , 

Awd, af PenETSe, the rae ro gee RP HEeTE ae were mit in 
the ac¢ The crisia of Poti lead te the formation of the 
Feeloral nergy (fire. then the Fele Eneres Adenia 
watrateay, then the Peregs Hewear h and Desels one 
bo the a afallef 
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Admini radacn. andi? 
the feteral br 

‘ha Bidyra 
Rffisienes Art 


edep ater ta be incor 
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forward in ita moeaaage: conservat 
antereat, ancl it ie inoperative for th ieipeonotnic well. being 


a 


thitlion will be available aver a period of three years’ for. 
schools, colleges, and hoapitals to undertake .audita and 
then to cover up ts 50% of the coat of modifying their 
farilitien to nave energy, DOF ta eipparting the effort in 
many ways, ranging from the development of curriculum 


materials to the funding of dolar and other new techail: 


dy demons rations “The U8 Offics.ef Education haa 
entered the scene thro gh the fotmptton of Jhe Energy in 
Fducation Action Center os 

But, for all of thia activity; one indenjables nth remaine, 
Within the edurational entezprina, energy conservation 


oeciine ity ethan! buildings Aply: when local Htands and 
‘ vaddriinintrators are comayit teh tothe nee and when they | 


provide the lendlarahinifr \or nate onsery vation efforta 


The Econamy of Rabie: a is a Kaur ational 


Facilities i intended th encourage the ergaization and 
support af local conservation efferta and to provide 
nrganizere and their professional ataff and consultants 
‘with Wfermation and guilance. . The. feport is atraight: 
fe in.is in (he national 


ef echools and colleges. And, conservation® van whe initiat. 
ed al three levels: in the operation of eiatingg tatilitien,. in 
planining improvements anid additions tn eciatlina, build. 
ings, and) in the design of new facsitics . 


- ENERGY CONSERVATION STRATEGIES 
FOR SCHOOLS 
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maximizn the resulting cost savings, 4 rchool 
district instituting an energy epneervation pro- 
_ gram must concer itaclf with the problem's two 
basic constituahta: : : 


: ’ + 2 ’ é . 
© The operation and maintenance of existing schools. 
© The design of modernized or new buildings. 


The firat logical step is a review of annual O&M pro- 
cedures, to identify cost-saving opportunitica, For a 
school district with qualified personnel, this task may 
be accomplished. without the hiring of outaide consult- 
- anta. But the niajority — perhaps the vast majority — 
’ of achool districta probably need to retain an architect: 
engineer or consulting engineer firm to perform thia 
_pervice. For all projects designed by architect-cengineer 
firma, school boards should include energy conservation 
‘asa key point in the architectural program, along with 
_apatial requirementa, educational goals, and other com- 
‘mon criteria. In‘evaluating architect and engineer 
applicanta for design projects, shool boanda should 
‘interrogate them about their interest IN energy conser- 
yation and investigate their competence in thia area. 


Life-cycle costing: the long-range view of 


building costs 


Be 


ae 
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10 bigger folly as the energy crisis intensifies and fucl costs 
rise, In these daya of ramdly cacalating building costa 
(up 212% nationally between 1968 and 1974), the im. 
pulse to cut initial cost becomes almost reflexive, Yet 
over a building's lifetime, dl-considerel economies in 
construction cost almost always prove expenaive in the 
Jong run. A achool should be conceived not merely asa 
physical structure, but aga “buildiggepeople” conplex 

_ lasting 40 years, Viewed in this context, construction 
coat, which usually dominatés the economje picture, 
fatles into the background. First coat constitutes rough: 
ly 8° of the total 40-year coat; O£M costa represent 
eae gin teaching: administrative costa reprraent an 
overwhelming 80%. Thuan lO” increase in, capital cos 
ia only al bieienan in total owning cost. And it can 
often tesult in far greater reductions elsewhere in a 
building owner's budget — in feduced O&M coats, or 

_ even in improved productivity. Sometimes, notably in 
tradeoffa between added costa of efficient thermal in- 
sulation va, reduced heating and airconditioning capac- 
ity, an energy-conserving design can cut first cost aa 
well as O&M cust. 


“For example, in a bold break with conventional policy, 
the Fairfax County (Va.) Hoard of Education rejected 
the low firnt-coat bid fora $1-million HVAC ayater for 
Chantilly High School, awarding the contract for an 
alternative HVAC ayatem carrying a higher first cost 
but much lower lifescyele coat, Computed on a “prea 
ent-worth" basis for an assumed 20-vear useful life, the 
winning HVAC System B would cut an estimated 
$282,000 from tho coat of Syatem A ($597,000 if energy 


1d - 


re) 


ERIC 


JA Fuirtoxt Provided by ERIC 


re) 


ERIC 


JA Fuirtoxt Provided by ERIC 


ENERGY CONSERVATION STRATEGIES 
FOR SCHOOLS. 


a) 


‘ 


costs aro eninsed to continuc-rising gat 7 7 annually.) 


ASev Appendix on “Life-cycle Costing” for a formal 
economic annly4is theplaying longterm owning cost cal- 
culations for the above project.) 


In existing buildings, improved O&M programa can 
dramatically reduce energy consumption and cut oper- 
ating coata, O&M economics sometimes depend of small 


capital expenditures for upgrading equipment —im- — 


proved furnacé combustion efficiency, new nircondi- 
tioning filterm, and the like. Of the two componenta of 
O&M coat, operating costs range between three and four 
times as much.as maintenance casts, A ratio exceeding 
this range ~ i.¢., one unduly high in operations cost — 
indicates trouble in the O&M program, according to 
Edward Stephan, who was Fairfax County's assistant 
superintendent for edueational faciiges planning and 
construction, A slight increase ino mamtenance cost— 
perdgaps for more frequent equipment iInspechons—often 
saelds Krest pecbuctiona in operating Cust, 


N ¥ 


Attack on three fronts 


2 


An overall energy conservation campaign for schools 
can be logically divided into three phases: 

1. Operational improvement in exiating achools, involv- 
ing no physical changes (i.c,, no capital investment), 
or, at most, relative ly light expenditures for upgrading 
mechanical equipment or other subsystems, 


2. Modemization of existing buildings, involving sub- 


15 
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ENERGY CONSERVATION STRATEGIES 
-FORSCHOOLS ON 


12 stantial capital investment for new equipment or archi- * 
tectural featurcs. 


3. New construction. 


These three divisions appear in descending order of 
applicability and in ascending order of cost, though not 

necessarily in potential economy. Operational improve- 
ments are universally applicable to all school districts. * 
‘Energy savings up to 30% can be achieved with such 

simple operational procedures as turning out needless 
lights and educating O&M personnel about proper tech- 

niques in operating aifConditioning systems, Renova- 

tion entails capital investment ranging from complete 

modernization (i.c., spaces redesigned with new parti- 

tions, and rhechanical and lighting subsystems) down, 
to small expenditures for new thermal insulation. In 

these days of defeated bond issues for new construction, 

‘modernization has grown tapidly over the past few 

years, accoynting for nearly half the $4.4 billion total 

school construction market inf 1977, But regardless of 
how much the American public resents paying for new 

school construction, that will remain, ultimately, the 

most important method of upgrading our educational 
facilities, | = 
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PLANNING.AN ENERGY | Pee os 
MANAGEMENT PROGRAM 
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lhe cost of energy is rapidly becoming a major 13 
-expense item: costs have doubled in the last five 
‘gilie years and are predicted to double again in the next .. 
five years. Although the cost of oil, gas, and electricity is 
beyond our control, we can limit the amount of energy. 
usecin schools and thereby control the overall costs of 
enérgy for a building. Limiting consumption is generally. 
called energy conservation, bug it can equally well be. . 
called-energy management. As such, energy becomes a - 
responsibility of school administrators to be treated the. ‘. 
2 - same as any other resource managed by a school system.. | 


fF 


: ‘ “ 4 
Most energy, management will be related to the building 

. shell and its electrical and mechanical systems. But it is © 
also closely related to how the building is used. 


The largest user group ina school is the students, and the’ 
_primary user group is the teachers. Since energy man- 
agement will involve environmental changes,’ the é 
school’s commitment to energy ine must be 
explained to the teachers.and students, and their ideas’: 
and concerns must be. taken.into account. Pat 


‘Energy management begins at the top , 


No. sustained energy Management program can, exist 
.. without a commitment from‘the school board (or board + 
ef education). The superintendent must knaw that good 
management of fuel and utilities is expected of him, and . 
» that his board members know that energy managernent. ~ 
is also part of their responsibility. cle 


The development and implementation | of an energy 


A 
: 4 : a 4 Pee 
“ ou a ; ‘ is 
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. *. PLANNING.AN ENERGY. an a | ee 
: MANAGEMENT PROGRAM \ y -« 


management | program will require a jeatii to othe nuts. 
- and bolts work at each school. This energy topo in-most 
‘instances will consist. of the following: the assistant | 
“superintendent for business affairs, the chief of it 
operations for the district, the building aaa and, 
the principal. In addition, one t@thnical person should be 
made part of the tedm and he could be from the local 


: ~utility company. “The.team should be part of its school’s. 


"energy mdnagement committee, which should represent 


teachers, students, food service staff, school board, PTA, 
and include an engineer or member of the physical plant. 
staff of the local, college or university. y 


Establishing an. energy management by 
program : 


ye 8 “ : ob 


¥ 


ae Beenuse energy. management is a new technique, 


members-of the committee should find that a problem 


: . salving approach makes a’ good introduction.: The ap-. 


oe ciates. See chart on page 16. 


proach discussed below ig partly based on work done by 

John: Blossom, P.E., President “of aie) Blossom & Asso- 
Step i; Define the goalThe goal in this case Wwalitd be to 
establish i an energy management Program. Tey 


; ' Step 2. Define the. problemDo not assiime that @ every- 


~~ one will'see the problem in the same way. Some willsee it . 


7 


ag’ a problem. of cost, others of consumption, and still - 
al of the building shell find its pene system. 
vf 


ve Stop 2. Establish the: data. baséEatablishing’ a. ee e 


DAR is the most oe task, but’ it will bea 


1s. 
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©. . » learnirig experience for those involved for they will”. 15 
discover a,great deal about their school. Data required | 
-.. +. includes: a . Pas 
; e How much energy does the school use, both electrical 
- and fuel? What fuel is used and how is it measured? 
What does it cost? What's a kilowatt? What's a Btu? 
What is the area involved? How much energy does the, 
schoo] use per sq ft? What is the energy cost per sq ft? * 
¢.What is the enrollment? How much energy is used per 
studeit and what is the cost per student? ~ eo 
What are the climatic influences? How many degree 
days does th¢ region have? Is it a very windy,region? x - 
Does it have lots of sun? How many days does the ae 
— building require cooling? re: 
"|, , @ What are the opérating characteristics of the school? 
~  * Length: of the school year? Operating “hours of the 
building? How much of the school is occupied after class 
hours, by. whom,-and until when? : : 
e What are the physical characteristics of the school, . 
building? Its age, construction, mechanical system, ori-* ; 
entation, and architectural style? 


~ 


e i : : en 


These figures provide handles for analyzing much of the 

- infotniation needed. They alo provide a basis forsdirect. \. 
’ comparison of energy consun}ption améng schools. The 
energy consumption per pupil and per square foot will 
provide'basic clues for understanding the way energy use” 
differs among school buildings, grade levels, and program — 
offerings. The age, construction, orientation, architec: - 

- tural style (e.g., use of'glass) all affect energy usage. 


oa 


[he second part of making a data base is-to take an. 
energy audit. An audit implies an exactness of account: —. 
Pe ee 2 ee ae 
Powe, & SPO a i 
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ENERGY CONSERVATION PROBLEM SOLVING APPROACH 
- Existing building's mechanical and electrical systems 
* -T Objective: Conserve energy 
Determine what type 
Electricity; coal, olf, gas, man-hours . : 
: a ‘ 
; 2 Problec: Limited availability of energy. _* 
Increasing costs, government reguiations, 
; 3 Data base 2 ‘ : 
Analytical elements Physical components v 
Economic:  -- Technical,. Building and site - Mechanical 
ee : . . electrical =, 
- First’ costs Engineering: Structure; Plumbing 
Operating costs Mechanical” © Shape Fire protection 
‘ Malntenance costs” Electrical Bulentation Heating 
‘Life-cycle costs ~~ Sanitary - Fe Ventilating 
2 Benefit-cost ratio . Human factors: . Eley Airconditioning 
» {| Cost projections - Physiological « Solid waste 
Jaxegs Psychological ’ Process facilitias . 
so ncbeanenttn emf ts geese enti -———-Regulatory;—-—--—-=—- te a ees _ ~ eas 
ae Building codes Power 
Pollution Lighting 
Energy . : Communications “s 
. * “Resource os Appliance 
; availability ° 
Funds . ‘ 
Fuels e 
i Space ; : 
: Manpower 
. & Review: Does data cover problems? ’ 
ee eee cd a — os te i‘ 
Y “4 : 
. XY 
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. 
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? -. 5 Determine Ubjectives and recomamendations . 


1 


Compare alternative against problem and objective 
Recommend a specific energy conservation program 
Study report \. Plans and specifications =. , 


*s, 


or 


. 6 implementation 
\ - 

- 7 Verification 
Monitor program as operating oe 
Evaluate monitored data and optimize program detail 

Verity it problem was solved and dbjective attained 


. 
e 


sed on material from Heating/ Piping/Air Conditioning magazine, January 1975 
in idl Rall e Meeaari e 


infg that is not always possible-or necessary, It is simply-a. *: 
~ determination of how much, where, and how effectiyely.a 
building uses energy. The first audit should be a walk ° 
through the building by the energy team, This may be 
the first time that some menihers have been in the boiler 
2£ roam or basement. Their walk ‘Npuld follow the flow of 
heating, cooling, and hot watePthrough the building.. 
Questions should be'asked: Watat: does this do? Why is‘ 
this on? Where.does this-téad? What time does it goon 
and off? Is all equipment-either on or off? How many air 
changes does the. gym have? How much air is going - 
through the cafeteria? Allday? » -, As : 


After familiarizing itself with the building, the team is 
ready to undertake a more detailed‘audit, For this, any + 
school 'can ‘receive help for a modest fee from:the Public 
‘ Schools: Energy Conservatiow Service. PSECS was de: - 


21 | 
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18 * veloped by EFL in cooperatiqn with the Federal Energy 
Administration (now Department of Energy) to provide 
achool personnel with the information base necessary to. 

'*- egtablish an energy management program. A schoo) fills 
out a form detailing the physical characteristics of the 
building and its electrical and mechanical systems, how 
the building is used, and its present energy consumption, 
The forms are processed by EFL in a computer program 
that prints two reporta which are sent to the school, One 
report: outlines the:.possible energy savings and the 

> low-cost measures by which they can be achievecl. These 
-are simple steps that can often lead to savings in the 
neighborhood of 30% a year. The second report details 
‘capital modifications to the building shell and its electri. 

- “cal and mechanical systems that would reduce energy 

consumption. The report shows the cost of the modifica- 
tions, the savings in dollars and fuel, and the payback 

period of each investment, ~ -, 

A district can request a district-wide audit and receive a 
aummarytoport of cach school audited, The costs for 

~ PSECS is. low, less than $100 per school, ‘The service is 

» mun by EBL on a ngw@profit basis and will soon be operated 

by several state education departments, Check with your 
state official, : . 3 7 

: “4 

After using a PSECS audit and achieving an energy 

reduction between 20% amd 30% 0 school can hire a 

professional engineer to make & much more detailed 
survey of the building, its systems, and consumption, 

When the energy taanagement- goal is to reduce energy - 

consumption an additional 20%, the use of a professional 
~ audit for-a foe of $10,000' or more becomes cost ef! fective. 


@ 


ERIC 


JA Fuirtoxt Provided by ERIC 


e.. 
ERIC 


Qe ‘by ERIC 


é 


PLANNING AN ENERGY 


MANAGEMENT PROGRAM 


“(For more information on audits see Energy Sourcebook 
from the Council of Educational Facility Planners, 29 
Weat Woodruff Avenue, Columbus, Ohio 43210.) 
Step 4. ReviewThe review progess is important because 
it connecta the data with the original goal and problem 
statement, And, it will reveal whether enough is known 
about the probler: to begin planning. The review process 
should end with the energy management committee 
establishing goals that the energy team will be charged 
with carrying out. One of the goals might be to reduce 


2 
' 


energy consumption in each school by 207 ind 2 months. § 


1 


Step 5. Determining objectives and recommonda- 
GonaThias step develops the objectives and recommen: 
dations necesaaty to implement the goals established in 
the previous step, The objectives might follow the energy 
use patterns of the facility so that there would be specific 
objectives for reducing electrical Consumption and fuel 
consumption, Each will require different actions, ul. 


though in seme instances they will coincide,-Por ox aims 
plecrehizing he numberof mr changes wilbeaye tough, 


. * : 7 . Z 
fuel and wlectrical consumption. | 


To start the committee off, it may be beneficral to 
run a brainstorming session in: which all wale 
judgementa are suspended, Al) ideas, sane and 
crazy, are thrown onte the floor and listed. No 
comments are made about the suggestions, they ; 
are just listal. At the end of the cesaon all the 
sugRestions are reviewed by the group. Many wall 
be dropped, > that are kept become the recor 
“mendations. ~ 2 
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Ntep 4. Implementation What artiens ahaule thy 

avhoal and chtrct Cake first’ Defers answernng thir the 
energy team will hase to ask four basic questions abrut 
each recommendation ny proposed ation How ancl 
eneteyys lot by ret taking action” Whatisthe potential 
annual vost Raving baeed oon current operata and 
maintenancoeoats? Whatis the costofthe action! What 
ta the pavbark pened? : - 

: ; : : 
Note: Pavbapk tise om fapato erst oa eatunatedt 
ansings For example, a §}o00 tune clk that ran dase 
SO) a wear pasa for teedhin two years The shorter Gar 
pas back pened, the better the gysvestrient Efforts 


n 
Sars 


eer 
ehotule bays threcfed farst towards baghs pend iejtne k 


‘ % an) 
spavback rand day cost prope’, eecotch, fouwares proces 
that have peas Dae kK petiiats ef atonionths ta tus yaaa, 
and third to prverte that aeaguire 


“Shivh often jiviist he repanl wath fecub pe venir 


latés wisest ta 


. ‘ 


Aftey evaluating the potential mauitenanee and ope 


ee 

iy 

tion sawing of the moreapital poopests and the invest 
} i 


Aewikhy priorities te (he cgep an shih the pera ba 
bo amplemented Then the’ team cheuld assemble the 

package of promcts Chat witb be used terneet Che geal tt 
Sthouldi aeugn peaponataliey fea caring oot the proc te 
‘toe the prople sath Che expertiee or espenengr te carey 


‘ont the work ha : ‘ 


Step 7. Verification, monitoring, and evaluationAs 
in any educatonaleffort, momitonne andeyaliation are 
Rrcessaty (a inayre that the guals uf 
met. Phev provide a feedback, 


2. 
a 
ra. 


_ 


. . ENG y 
= s UNAM 4 


. of and tearm ta pudgh rf thei ens 13 on track, what 
, components are or are iol oO wate What changes : 
vanand should be gnade. Lin distriet might tind that 
was eyscep ths san ss en tn te the target gral of 
drepye ng ey “fzs the meiowOire the sear andthe: ahah} ¢ 
“3, Tower at te uPo Areas that are net prowubing the oy 
Make te. anti spated: pre tien thautd he Looked at te. find «why . 
ao a thes are ned working Wie the fata hace ert, whe 
; a Hion inappreprbaie, 67 waa the targeted reduction ta 
high’ 7 
Platting Ure eters sincuinpiiens is vine fish iy et see ally. 
tepay tae the prs es ninade Na iNe prergs OTA phon 
linea begin ‘ue ltr frarsatifes (le pregress made ta 
ate and rears abews the dittanee fo the geal Eneray 
praphe sould beaeplasmbin ai cuminrat plaice bo ely 
_ the a heobranmomts the ware that has beriidene and 
eeteiad thera that thes are pactoaf the pres icsg A arg® 
. . ‘ . ‘ e 5 
Teaming : 
et tb Peay netabed rare the adi 
, tes anal Pa attend weeks yr oP Trane & 
spt TD soavsalbrrsuialye ene ampared 
ayith: the eavqngs tia a ate weprties tise es, andl energy 
roneage A poral rogram nheuld haves 
aiivairable 4 ; ? nf thanpower and 
Ppefes ©ns ang) elie Cie ness eoametber of the 
team probably the satan supe nntendent far business 
afialrs, ahoutl Yor as fin tivate. af uf HECTSAATY, 
oe dlevelop: trating programa fer the distta Casratf 
s . : : aa 


ERIC 


FullText Provided by ERIC. 


o.. 
ERIC 


® ' : : 


« PLANNING AN ENERGY en 
+ MANAGEMENT PROGKAM © 00, 


tll om 


@ 
oS “Readurerd for ee ‘ee huite a iilang ‘ 
° State Agencies Each etate has a State Ene TRY Office 
and a State Education Departmeny that has an offjoe - 
responsi lp for energy cyt Peation an se heel, hooaldings, 7 
Kav A agency should be! Whole to either provide direct. 
" aasiatance ip etal lishing A training Progts wn oF know 
ce such traming is avatable m the state. 
@ Bnergy eatension servive, Bach etate te establis a; 
* owith fester Al assjatanece AEE GT eitee, : sath: ir Bovine 
ivi extension seraces ‘Ches ate adn muniiste red hy 
» atate WAL eT alfies : 3 : 
@ tality COTES Mint Tatilities « Gan prosaide ALM ATIOLY: 
of eperky trans frente « erMicrs : and technical i eats Hance 
ee ¥ ive Al. it iit “thre ee awn. “etaly in ene ren 
“ihe and eTelN ‘shore thea 8 in mts ea nin 


ie iii al pe eas BYs: 
eae conser pins 


ae 


ie ace dooprean Aim, the 
mdnict abet ask the institiition to estableh them? 
Colleges or umversities Since higher edugation ins ALfé, 
tutinna use three to for times as much energy per. 
atiident aa public schools, thes have been very aetive: ify 
developing conservation progranys, You may receiwe help 
from the physical plant departinent and/or the séhoolot 
enginectiif, school df arehitectuce, or the setengg dee 8 
partiaient. ; eg yo 
® Hospitals. Hospitals. are the moat ene TEV intensive of 
all unstitutional buildings. Most have initiated nome: 
eGETAY Managemen’ pregranis, and yeur lecal hospital. 
may phate Ma « spe nenes salty ans ne chool distri ty 
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Sharing management tesources 


Unlike other facets -of maringiag the edacational entet- 
prive, energy managerient. In alot apecifee ted educatlott, 
There are many opportuni tles for aliarity g renova rceen arad 
(dens abel ermbarkireg O11 font vertices with other tom. 


profit Inseitistlons, The effectivonens ft he achevole’ owen 
efForta certt ethan ned bo ths eawperneive: use of lowal-— 


arvil nate reno rcen, Feat exam ple, achoads aad Donglt el 


‘working togethercati ask rripreof the community college: 


in catstbliahing raining prograins (ur plant personel. A 
program establishes! arid sippoorted by the ma jor inal 
ta tloapof the commun ily ain amuchbetterpostson to 
seek Caincing frow late and federal sources. Firanlly, Ure 
vialbit it) of the achouls” effert (in as tite whesvac hols ate 
lesa peopu lar? caanert help tut cub anee thyeit Image as ail 
effect ave tne of lax de flares ; 
Ewen ead ly, (arrive unusial suppl problans) osiergy 
maWagthacht Khoutd Beco me’ “just another" cort cot 
tralliny operation, After exper tence te ga ineclard all Chie 
atalf mesubers are trates! aad corrfortatole with thhe 
respogintyilities, It should became n rotine operat ian al 
tnak, 
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MAINTSNANCECBINGES 


Solbserery and ignorance. Mucthatems aloriply lrown 
he historic Atactiewn prockivity for waste, In 


» our chooks even more ia altributa tle to the inability 


of O4M petitotnnel t4 cope with over more sapblsticat 
mecharilees and electrical equipment, ia 


- Lotharsy. vam the enplanation of gros energy -wanés 
. Aacovend in an Iisutzotive cro atidy, The ovictneo 


etietfed aa Ara accidental by-product of an energy cor: 
sunaption tualy of the HVAC syetem in a Las Wogeas 
high schol, Fromm moterecd data on clectric power cory 
wunsption, the gnvestigatorn discovered a fan etatac 


~ wihountof dectria energy bing used duging theevonireg 


cleanup petloed, Botween4 pin. and midnight, when the 
wchool's namaal dadly population of 1.100 xhrank to 
three cuntadiane, the achoal conmunsed 307: of Ita total 
energy. Mardy by awitching off the lights and IVA 
inlocal ances as they firalehad thelr work, the cuttowllaras 
could Rava c4it the schools evork day olectric power 
consutaptian By 16% ta 20%. 


A oot 


~ Btoin recowuita a altrillazoxample For Pubkig Scher 65 


jo Staten Isleend (Mew York City), Steln tied toex- 
ploit thee nconemry of naturd light. Bach class roors hea 
threo rome of lirminalres, all panlleling the peripheral 
wall, with the exterior row'controllal by locel awilek: 


ing. For noughly thrve-qiarlers of the school’s opstrat- 


ing hour, vatural daylight muflices to Illuminate the 
B- oF 0- ft-welder ox terior stréphounded by tho wall. 


. Howover, on movera] vistes to Public School fh, Stein: 


28 


a Vhorgy wale springs from ten) Dante wourcts ~ 
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_ AIRRCACTING AND MAINTENANCE CHANGES — 


‘ 


alicowered that this eanily achioved economy was never 
-tiillzeed: the oxterior row of lights apparently bumed 


along with the two interior rows throughout thoachool’s 


-wokisag day. Morcly by flipping these classtoom 
alles at the propor time, the school’s teachers could 
havo crt daytime classroom lighting by 26% and total 
~iyllexne lighting coat by.aboutB%. 


(Confreanted with human failure, Stein is considering 


lor ftatiure achools photoelectric switches to turn off 
umeected fixtures whon natural light intensity Is aded 


quite. The added expense of automatic controls 


shoulcin’t be heeersary, But itmay be the only practical 


-~Wy ta combat the wasteful habits programmed into 


tho American psyche. 


low to waste energy without really trying 


tnultsr O&M procedures waste even greater quantities 


- othergy than the lethargy displayed in the two pre- 


viol case studies, according to Stephin, Hia favorite 


‘imple concerns the widespread mishandling of the 


wit ventilator. What makes this example so significant 


{the san{t ventilator’s tremendous popularity, Though - 


llauser in new achoola is ‘dpclining, the unit ventilator 


rimnimas, by far, the mort prevalent heating system in, 


tho neztion’s existing classtooms. | - 


tho ait ventilator mixes recirculated interior air with 


vityins g proportions of outside alr, filters it, and forcea .- 


lacrons a water or steam heated coll and Into the room | 


thovggh a sill-level grille, Some unit ventilators are true 
ticoracditioning unite, with chilled water circulating 


4 
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i: * OPERATING AND MAINTENANCE CHANGES 


’ elther ‘inoatl a dual-purpose, hea ting-and- cooling coil: 


or thiough a second larger coll, added for, cooling alone. 


To operate & unit ventilator officlently and econom- 
feally, a custodiannmust understand the following. con- 


trols and thoix functions: 
1, Damper control (which sete the proportions of fresh . 
and recirculated air at the moat econ omical ratio). 

2, Low-limit sotting (which prevents the temperatura 
of incoming air from dropping below a minimum tem- 
peraturo — usually 65! to GOF). , 


3, Thermostatic control valve for healing) coil. 


4. Blowor inotor awitch. 


Faulty opericion of a unit ventilator can double tho 
energy consumption of the samo properly operated unit; 
according to Stephan. This waste. results trom a tragi- 


. Comedy, in which the first mistake leads the benighted 


custodian ever deeper into a bog of compounded errors. — 
Herte’s how the vicious spiral usually develops: 


. A teachor opens the drama by complaining about cold 
alr coming from the unit ventilator grille. The cold air’ 


comprises a mixture of fresh and recirculated air, intro- 
duced at a minimum temperature of GOF or a0, to re- | 
duco tho rising temporaturo caused by the heavy heat — 


~ and lighting load of a populated classroom. To reduce 
_ room temperature. from, asy, 767, to the desired ther- 


moetatic setting of 72F, ‘the unit ventilator blowor sup- 


plies 60F air until the desired 4F temperature, drop is 
-achleved, . — . 3 0 ' 


“ OPBRATTING AND MAINSENANCE CHANGES - 


pols a 


ah 


a 7 os ye cn j 
' Not understanding this temperatpte-correcting process, . 27 
the custodian checks the unit ventilator’s “low-limit’” 
wt. temperature setting. Ahal’ ho’ concludes, on seoing 
hoa e | + GOF, “No wonder the air is cold.” Ho “corrects” the 
‘ gituation with the original sin of unit ventilator mis- 
handling: he sets the low-limit up from 60F to 72F, 


.the desired room temporature.'), 9 
foe : ee i é ie me é ie genie 


Act 11 follows inoxorably. 'Thé unit ventilator begins 
to pour.72F air into the classfoom, in response to the.” 
thermostatically signaled méssage thatthe roém is 
- overheated, and the blower persists, until the teachor 
cornplains of hot air and again summons the Hapless’ 

“~ , oustodian.Noting the heating 8 stem’s obvigus -. 

. malfunctioning (which ho himself cd through tam-° . — 


poring with the system’s controls), the custodian con- | 
cludes that the entire aystem.is haywire, a problem he’ 
“solves” simply by switching off the blower, . ; 


Now. with the. unit vontilator no longer circulating 
forced air and the otitgide gir damper closed, the heating 
sygtem works with less,cfficiency than a fireplace. Hot 

water (or steam) flows continually through the coils, «° 

/ but without the blower operating to circulate the air, 

this enorgy is largely wasted. At this point the-drama es 


'. -  degenefates into puro farce.’The stuffy classtoom over- 
: ___ heats, and the windows are thrown open; then it overs 
Pe gh, cools, and the ‘thermostatic setting is advanced. The 


only winner/in this game is the fuel supplier. © 


“The above scenario, staged in schools all over the U. 8., 3 
"does not exhaust the ways of wasting energy in theoper- 
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ation and maintenance of unit ventilators, Custodians | | 


"ignorant of the principle of the seven-day’ time clock in 

_ the boiler room ‘may remove the tabs (doge’’) that 

- change the temperature control from 721". 40. 65F during 

-.” unoccupied periods, Again, the price of ignorance is an 

inflated fuel bill; And maintenance lapses, notably in- 
| failing to clean or replace airconditioning filters, com- 

ee. bine with operating errors to maximizo. oheotgy costs; 


Stephan’ 8 accounts of O&M waste in operating HVAC 


syatema are corroborated by other experta, Dubin cites 


? _ an inetaince of waste in ‘a study of two identical Connec- - 


ticut, schools with all-electric HVAC systems. Ono of - 


- these twin echools recorded nearly double tho energy” 
_ consumption of the other. : ee 


The major cause of the: energy, waste in. 1 School A was 


= the continuous inactivation of the outside damper con- 
” trol. Tremendous volumes of needless cold nix bad to be. 


heated to comfortable intorior temperatures, Dirty fil-. 


Pa ters, a major failing in the maintenance program, also 
obstructed the ee of meee, air at ads waste 
of energy. : 


ae | 


“Among other possible contributors to School Nac energy 


waste were: + ‘ 
° The viscleng; continous lighting of a cate toyium and: 


_other weually unoccupied spaces. . 


~ | ©. Unneceasarily high corey control nettings for 


- c Partial blame e for our choos “a By went rests with 


| - interior comfort. 


ie 
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"Aw ouunee of prevention .:.”" 


5 


"the teachers, As we havo seen, their dutivotinnes snsati- 


“able demands for instant comfort can-preet anxious 
_ -custodiann into desperate, eometimes mischievous.ef-. 
~ ‘forts.to please, Teachers must be educated about the. 

_ fnevitability of a little temporary locyl discomfort, at 

- « least for name individuals, with any HVAC eystem,no-. ~ 

* ‘matter haw well designed, fabricated, Installed, and 
operated, No HVAC system, short.of ptoviding each 

~ $ndividual with his own insulated, indivictually powered” ~~ 
and controlled thermal ‘capsule, can sitisfy everyone: 


; 


Sg te ae 


Utd 


operate like a fire department; passively awaiting broak- 


‘downs or’ malfunctions in mechanityl, ‘electrical, or 
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plumbing subsystems, Labor productivity can.bo dou- 


; The guiding principle ofa good maintenance program °° 
ia schetluling. A maintenance department should not 


~ bled by inetituting a’ preventive maintenance program, an 
_-with pexlodic inspection and scheduled parts replace- oa 

ment and repair, Reorganization of a desultory O&M, | 
+ program cay sometimes cut its. cost nearly in, half. 


Judged ‘by current indications, school ‘administrators... * 


lag behind. commercial and industrjal, building owners 


in instituting efficiont O&M programy. 


| Apart ‘from regularly ‘acheduled inspections, ‘geveral * 


other strategies constitute good ovexall.0&M policy... ; 


._' Most obwiouy is the scheduling of large electrical power-, 
_- eonsurning yperations at nighttime, off-peak hours,.. — 
'. Candidates for this economizing practice include elec" °: 
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“trically driven water pumps rolilljng water storago 


tanks, dehumidifiers for controlled humidity, storage, 


“tana refrigeration plant compressors uf provided doors ta to. . 


«the refrigerated chambers are kept tlosed ), 


AG a general policy change in current O&M practices, 
+, achgol adminiatratora could institute conservation ori- 
_ ented programs for O&M personnel, They. should do- 
°aarid iniproved’ O&M maintenance procedure, manuals 
from the architect-engincer firms that design ‘their 
“schools, Supplementing inspection ach¢tdules, monitoy-. 
tne devices could be installed on energy-consuming de- 
‘vices to sound alarms or, if tolerable, to shut. down 
~- equipmént wheri its efficiency Gronbe? below. a \ pre-. 
~-seribed. level of performance. : 


* 


For some ivy of sophisticated equipment, notably air- * 
conditioning, the servico contract witha manufacturer . 
~ may offer advantages over maintenance by the school’s 


town personnel. In recognition ‘of the often: neglected 


' O&M cost component: in owning costs,  California’s 
School Construction Systems Development: (SCSD)' 
, program administrators included the offer of a main- 


_. tenance contract as a mandatory’ part of the contract. «. 


_ ‘The maintenance service contract.may become popular - 
aa mechanical- electrical subsystems become oven more 
_ complicated. , fs 


One of the important maintenance jobs is te to rehwale the 
 caltation of controls, 2 task for which schools’ O&M 
personnel are seldom qualified. A good control systems 
‘technician will often discover cnergy-wasting equip- 


’.)., sent -malfunctions in the normal course of his work. | 
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A good O&M program obviously leaves no weak links . 31 

_' dirthe chain. Some of the most obvious energy wastera 

** are sometimes overlooked. To minimize air infiltration, © 
ee which silently increases energy consumption ovory sec- 
nee ide ond of the operating year, inspect and recaulk doors and 
noe . windows on a regular schedule, Poorly maintained min- 
aes imum gettings and poor calibration of dampers can: 
date co. <,.admit-even greater quantities of outside air. Regular. 
teas Inspection can prevent energy waste from poor thermal 
insulation on steam or hot water lines in airconditioned 
~ gpaceg and on chilled wator pipes or cold air ducts. Keep _ - 
+ condensers for airconditioning, refrigeration, and drink- * 
ing water fountains free of paper and other foreign ma- 

” - terial that might interfere with air flow. or otherwise 
“impede heat transfer. Keep heat transfer cails free of 
‘dust, which can feduce officiency hy 25% or more. Also - 

check for leaking faucets and radiators, and dofective _ 
refrigerator and freezer door gaskets. 


. ae ‘ ; ; 
‘+4. ° Lighting efficiency can be enhanced simply by more 
frequent light bulb replacement. Current maintenance 

policy often prescribes initial over-illumination, to al- « 

low for ono or more bulb failures before the next gencral 

~ bulb replacement. More frequently scheduled cleaning 
of lamps, fixtures, reflectors, and shades will also in- 
crease lighting efficiency. os 


eos Dollars for dimes. 
~ Some O&M. savings require small capital investments 
_. that aro quickly recouped, thus justifying themselves 
"as long-term «(often ‘even as. short-term) economies 
og Is 
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- OPERATING AND MAINTENANCE CHANGES - 


- 


; under the life-cycle costing concept, Improved furnace 
- combustion is an obvious target for big, long-term re- 
tums from.amall investments. (Inefficiently operated 


heating plants in commercial, apartment, and inatitu- 


tional buildings pump somo 600,000 tons of scot into | 


tho U.8, atmosphere every year, wasting millions of 
dollars’ worth of fuel in addition to fouling the environ. 


nant) Asan ‘example of readily attainable savings, a 
‘$6,000 investment in improved combustion for a 60. 


unit apartment in Yonkers, N, Y, cut annual fuel costs 


by one-third. It will pay for itself in five yoars. 


Inofficient, combustion increnées fucl bills in two ways. 


‘ Extra fuel to produce the requiréd heat adds 6% to 16% 
to the fuel'bill. Compounding this primary waste is the 


buildup of soot (unburned carbon particles that ideally 


F 


4 * 


aro oxhausted as carbon dioxide gas) on heat transfer 
surfaces. (Tho unwanted thermal-insulating effect of a”. 


" Yg-inch-thick layer of soot can add 8%-to a furnace's 
_ fuel consumption.) ” 


Caused basically by improper atomization of fuel oil 


before it is burned, inefficient combustion resulting in 


"goof exhaust can be controlled by the following steps: 
' @ Maintain fuel/air ratio specified by. burner manu. 
facturer. 


« Check turrier alignment and condition. 
* Maintain recommended fuel oil temperature at 


bumer tip (so that fuel enters burner at proper viscosity . 
_ to insure complete combustion). — 


#3 Airconditioning equipment, a major source of energy 
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- consumption, offers correspondingly large ees 


e Changing filters, 4 . . - 


ties for O&M economy. The best time to service hircon- 


ditioning equipment is apring. Among the key mainte: . | 


nance jobs are: 
. Checking and repairing cooling towers,” 
* Repleniahing refrigerant. . 


® Checking fans, pumpe, compressor, and other rotate: 
ing equipment for: Poo scala, belt slippage, and other 


defecta: 
¢ Calibrating controls 


‘ 


. Acsotiing to architect P, Richard’ Rittelmann, main. | 


tenance personnel oftyn reduce fan apeeds after, the 


~ building ts occupied (apparently in response to: objec 


tions about noise or drafta), The resulting retluecd alr 
flow over the coila may cause their frosting, with drastic 
reductiona‘in HVAC-ayatem. performance. Rittelmann 


advises every achool district to check all rotating ma- 


chinery annually for proper rpm. 


The experience at a large Now England industrial plant 
illustrates the-evolution of 4 good airconditioning filter’ 
replacement program. Filters perform a vital function, - 
trapping duat’ particloa that wotld impair ‘duct, effi- 


ciency and roduice interior air quality. Tnefficitnt filters 
also squander fan power, which consumea a aurprisingly 


high fraction (267. to 30%) ‘of an airconditioning sya- - 


tem's total energy consumption, Before the institution 
ofa preventive maintenance program, the filters were 
Inapectad on a rule-of-thumb, ‘achedule, In the second 
atage, tho inapection achedlulagwan corrected to incor- 


eee 


& 


; ty 
: t My 
a 


a fibrate the: ‘eaeats Jearned in the firat atage.! A bie 
_— Ubiedwtage refinement resulted from the second-alage 
: discovery that atmospheric dirt and general filter in- 


glliclency were correlated with a considerable drop jn 


Jperéamute acrosa the filter, U ltimately, a bi-weekly ached- 


Maule cut filter Inapection to a minor fraction of the 


af formerly required time. Moreaver, hy substituting @ 


|" papdd instrument check for the workmen’s judgement. 


~ thee ew program vaatly improved the maintenante 
-exew'n efficiency. Similar imptivement -» in cleaning 
and qverhauling air-handling unita, compressors, power. 
circuit: breakers, transformers, and other equipment tae 
enabled this plant to nearly double ita mifintenaneet 
efficiency. 5 


According to ieates cited by Lennox Industries’ Ted 
Gilles, the expenditure of $1 for airconditioning equiny 


_ tment miaintenance can yield nearly £6 savings in oper- 
aling vost. Dirty. filters waste. energy -by impeding 
‘delivery of Watm or cool air to airconditioned apaces, 
lengthening - the operation of heating-cooling equip- 
ment, In conjunction: with dirty filters, dirty burners 
: ean drop bumoer efficiency by about 20°. Malad justed 


re 


oe ae fread aly dampers, which admit excess outaide air, wasle 


ienievayt on both heating and cooling cycles. An annual 
_ taaintenance expenditure pf $15 per ton of trfrigeration 
capacity can cut a net 370 per'ton from operating costa, 

veil Gilles, es 


aa 
Aghoals Folix E 
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es cot than the initial ts 


[ : ahilled perronnel) trained to operate and maintait 


phe pee of plant management, has. setasoall a 
Cotrputer Peofile of School Facilities Energy Conaump- 
, Hon. Planned {or introduction in the 1973.74 school ©: 
yeat, thjs program Classifies buildings by coded desig. 
‘fathins, Input includes such itema as height, floor plan 
configuration, percentage of glass coverage in walls, 
HVAC ayatem, and achool program. Output, In’ auch 
., devine ae total energy coat per equare foot of building 


schools of the rame type (fo identify, for example, poor ....° 
OM practices or maltunctinning equipment )ot ‘amorig " 
acheola of different types (to evaluate’ the inalticlency of 
"different mechanical ayatems). he 


. Th need for better personnel Sale 


Aa the preceding xection indicates, the moet iiaiedl 
Alsly promaln# task in a echool district’a energy conser. 
vation) program ia to assure high qualifications in ita 
O&M personnel. Since World War EL, the mechanical- 
her trical share of the school construction budget has 
mare than doubled = from roughly 20% to 45% At ey 
towlay’n sc hoola.’ Meanwhile, the pereonnel policira th 
tiparading our schoola’ O&M f forces have lagged far be- 
hind. “THe importance of ai efficient, O&M program ia 
further ‘ymdetacoted hy ite long-tetin coat -'a bigger 
vat. af new construction, — " 


“Quy (post- World- Was. i aeheali need more than the — 


oe per pupil, allows comparisons ainong different. > ae 


:, tenitional custodial staff,” anya Stephan. “They need 


equipinent that is largely iinique to schools, Tonatten. i 
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96. -tctioo!: Ae appoint iss, but nethi- akeitind, avi ten he salt 


achieved through. Aipgraded peraonnel policy, 


AND MAINTENANCE CHAN Noe 


> “ubakilled, employees to‘oversce these operat,” 


Aa part of this personnel upgrading progeanh,, chido 


districts must recognize the intrinaic differongn: twibween® 


maintenance and operation, according ta Staph. Ta. a ee 


keep the modern school's increasingly. pophhinkicated. 
“mechanical and electrical equipment. in gow weinkiig 
rine maintenance : personnel require connldantabily (ie 


2 lahat akills than opetatink personnel, 


“fame achoot myntenie’ fave already recoqnlaatt bhla ned Le 


“for improved, teehinical qualificationa for (4M {iervon: 


ope. School district, superintendenta in New York, State: _ 
a must: acquire: three graduate-level courms. crertite in 
"| planning and adminiatering achool planta, Thin pine 


2 ple, ahould. $e extended .to O&M personnel, accennelinng to 
er f farmer: president, Harold B. Gores. 


«Heights qualifiestions, achieved thrtriagt ‘night 
“¢dtiteed ina community colloge or manufaclyron-apon- 
gored, opuries in boiler, HVAC, and lighting Myuipment 
“maintenance, could professionalize a achool’s cuntodiad 


me staff; entiancing ita nell eatocm as well aa ilacaniyyilenice. ‘ae 


Pronfotiona would depend on eredita for Uhtsys Gtritnaén, 
School adminiatrators would recognize thi: O&M per- 
ponnela’ new status by ectting aside special plaera fdr 
. equipment manuals end the like. Higher anlaniin must, 


__ of course, accompany. higher status and. aaripytimice, 
“But they would conatitiste a cheap price, relwinany 


timea over, for the vastly ‘greater O&M economics 


th 
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"OPERATING AND MAINTENANCE CHANGES 


Stephan believes ‘that O&M salary increases cust bo 
pretty steep toa tira ct the requited caliber of pe mozine], 


. “Forthe average school district, sclary increases of 50°% 


or so gare in order, These increares should reward tho 
higher qualifica tiorss required throughout the esitire 
0&M hierarchy.” : ; 


Top0&M management. teq wines fi mt attention, Fotthe 


avetage school district with eigtat to 10 echools andl 
sornie $26-million worth of school plant, the director of 
opemtion and maintenance (ranked as ceputy ,assoca- 


ate,or aksistant superinteraderat) should have adegree _ 


in engincering with aminozin management. His aalary 
and quanlifica tions should zpproxisuate those of pravate 
plant maintenance cngineera bearing com parable re 
sponsibility. Public and privat ecruplayets com peta for 
the sazne supply of perorsnel talent. [L-conceivodl of- 
forts toc¢conomize on this falary will almost certainly 
cost th opchooldintréct man ytizues thessa vings. A school 
district. paying an sing taléfieds OAM diteetor $16,004) 
ayer Will save $10,000 ot so or his salary and lose 
many times that amount inurnecessary enerky expen: 
ditares, ; . : - 

In the typical sznald school district, the (8M. director 
requires two middle mama genaene assistants: A super: 
visor ofmain tenance and n suporylsoz of operation s, Ast 


‘indented carliog, tho riniraten ance supervisor Teq vires 
the highgr quilitica tions. Elo should he an englncerineg 


graduate, with experience ancl working know ledge of 
building trades, electrical power, ancl oven electronics 


“for fine-larmas, communica tiorasayatems ct, The oper. 
- ations supervisorshouldhavesstorig voce tiortal 2raLaing, 


i 


“OPERATING AND MAINTENANCE CHANGES 


tho line”: jobs'in thoO&M department, but upgra cled 


*. Rompal. education ared esporsmies “is less important for: 


selarits and batter riot vation aro neoeded.Iit-terdice: 
training, featuzing orie.’ of tevo-w ek courses at mane, ! 


of ma pervisan anreatet tholatest tethriol ay 


For the ee working undert 


(poverty - sine) 35,000-86,00 range would help <0 reise 
morale, Successful energy conservation ‘requires Rood 


_ Moral thronghout thoentire CEN EROT hic mre ity 


fram toy to lait 


fachaters! service and technical schools can keep these 7 


J ruitclinge ai sic 
visor, raeliny increases Lifting them above the norsnn} 
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a 


niques apply to modernization and new ‘con- 
L strraction, there are obvious differences in the 
apyonaches to cach. Many techniques that are cconom- 


jcax‘lly feasible for new construction — forexample, wall 


shaniing with vertical screening — would be prohibitively 


exyomilve: for buildings not designed for them, Formod- 


¢rralutioa work, an architect is niore or less limited to 


| tegoluing clear, heat-admitting glasy with tinted, heat- _ 
; abeaubii g glass, adding such glass'as an additional ex- 
terdolaxer, or installing shading devices otside, the 


wirndows. Modernization generally puts high, first-cost. 


comments at a competitive disadvantage compared.” 


withthe same items when they are included in new. 


corset ion. 


Ava obvionus reason for this tilted competitive balance 


ig ~thoadded cost of demolition and repair of existing 
beings: often ‘associated with the addition of new 
HVAC, plumbing, and even electrical systems. Still 


arvolbor Factor weighs against the installation in exist-" 
Ing nildings of ‘sophisticated new “equipment that 
mi ghtbe easily justified for a new building. For cxam- 
-; plea asteracture. whose remaining useful life is 10 yoare 
‘or les, She annual cost of installing a durable, sophisti- 
‘ca dol cexatral HVAC system would be intolerably high. - ° 


Buatthe annual cost for the same HVAC system in a 


‘nervy building with projected useful life of 40 years 


weal be enttinently reasonable. 


Adronditioning economies — v 


Siznyly eliminating airconditioning rnay appear to be 


Vhoia gh: the aime basic. energy-conserving tech. ° 
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. 


a viable method of reducin g agchool’s enetgy consump- 
_ tion, but this report does not consider it as a.generally 
- useful technique. In northern climates, architects may 


- occasionally exploit natural ventilating patterns and. 
- wall shading to produce a tolerable thermal -environ- 


ment without. artificial cooling. But usually aircon- 


. ._ ditioning appears to be a necessity in the schools of the 


" future for several Feasohs: 


©The trend toward increasing winner use, which — 


makes airconditioning mandatory almost everywheréi in 
the U.S, This is an inherently efficient practice with 
capital cost economies that almost inevitably outweigh 
the-costs of airconditioning. . ot 


© Available evidence suggests that airconditioning ene 
hances teachers’ and students’ performance. 


* Elimination of airconditioning and the consequent 
need for natural ventilation often forces the design into. 
‘uneconomical building shayes. 


a both snodennioation and' new construction, the 
‘HVAC system offers a tremendous potential for re. 
duced energy consumption, Energy consumed to main- 
tain comfort within the nation’s buildings constitutes 


. about oe of total national energy wes ; 


» Energy consunaed by most HVAC syatems.could be cut 
- by 30%, necording to experts ata National Bureau of 
_. Standards/Genoral Services Administration mecting in ° 
’ May, 1972. The mechanical engineer's choice of HVAC 
be dai dopends on R host of local factors — building 
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shape, availability and cost of fuel, competence of main- 


tenance crew, et¢. Yet there are some general principles ~ 


*, that can serve'as guidelines in the quest for energy con- 
servation economy. . ate er 


'.- Thefirat such principle concerns the performance cri- ‘ 


teria demanded of an airconditioning system. From the 
standpoint of precise, reliable perfokmance in control- 


218 7 ling the thermal environment, the “single duct, all air 


_ cooling and reheat” system offers the best combination . 


e . ing codes, 


of temperature and humidity control. But for energy 


. consetvation, this reheat airconditioning’ system is’ 


probably the worst choice. It first cols all incoming air 
to the lowest temperature required in any interior 


space. Then it compounds the energy waste of this ex- | 
- cessive cooling by reheating large amounts of air circu- 


_ lated in spaces with a lower cooling demand, or evenia 


re 


heating demand, The additional heat generated by this... 


excessive cooling is usually wasted. 


ig the “variable volume” system. As the name implies, ’. « 
variable volume airconditioning matches the cooling’ . 
~ Joad with a variable volume of air cooled to required - 
_ temperature. There isa slight sacrifice in environmental 
_. quality, especially in summer humidity control (which 
can be achieved quite precisely with the reheat system). 
. But this sacrifice seems tolerable in view of the great’ 


and growing economies promised by the variable vol- 


ume system, ‘Fhe greatest obstacle to this system's use 


'. Far more efficient than the single-duct, reheat system. s . 


is the outdated ventilation requirements in many build-. 


42 
3 of central airconditioning. Within the past 10 years, 
"however, packaged, multizone airconditioning systems 
"have begun competing with central systems, This new 


mewmzanton ormustie scuoors” Ne” 


j . 
ne oe : ml 4 
' 2 a | 


Both the foregoing airconditioning systems are variants 


. > trend originated with California’s SCSD program; initi- 
ated in the early 1960s: The new packaged units are 


pe especially, well adapted to modular systema building. 


Packaged HVAC systems differ from central ae 
in the location of the basic equipment (furnace, refrig- 


eration units, and circulating fans or pumps). Instead 


of centralizing ‘this equipment,. the packaged HVAC 


system spreads it ‘around the building. in compact 


< (“package”) units, The. packages contain. a furnace, 


~ refrigeration ¢ compressor, condenser, and ‘fan, coil unit: 


a designed to aircondition (ie., heat, cool, humidify, or 
' dehumidify) a specified zone as large as four standard. — 


os systems, A project handled by School Renovation Sya- 


tems (SRS), of San Francisco, illustrates several of \_ 
__. these coniplicating factors. For Paul Revere elementary.” 
school annex, a two- story, concrete-framed, brick-faced |: 
' building, two gas-fueled, central HVAC syatems (one © 


for. each of two 15,000-sq-ft floors) Proved most. eco- 


_ nomical..What favored central HVAC at Paut Revere 
was the extensive reconstruction. Partitiony and sus- 
', pended plaster ceilings were. demolished; a toy bull-, | 
a — cleared,each floor, With the oe cut back 


ate st GE 


‘classrooms, Whereas centtalsystems may exceed 20,000 - 
: tons of refrigeration capacity, packaged units seldom 
exceed 50 tons. 


o Renovation work further complicates ‘the already com- , 
plex’ tradeoffs between central and packaged HVAC 


ce ae os =~ an a 
> 7 & . 


-. almost:to its bare structure, the labor costs for cutting 43 
- expensive gpenings for ductwork were mininsized, thus 
.. removirig & factor that often favors packaged HVAC ™ | 
; i units for modernization. a me S 
"SRG dota some erude criteria for the choice of a HVAC « 
system in a modernization project, For one-story build- ~ 
‘ings, packaged units on the rooftop are the most eco- |” 
“nomical because the duct runs are minimized, Ducts can” 
merely run down through the roof into the ceiling space, ~ 
serving modular areas of 4,000 sq ff or so. When the. 
building is two or three stories high; there is a contest ~ 
_- between central and packaged units. for buildings four. - 
stories and higher, central HVAC units are favored,- 


* 


+ heeauge the longer vertical duct runs reduce, of nullify; 


-. the advantage of packaged HVAC units. 


‘More general criteria concerning the relative advan- 
'”. tages of central vs. packaged, multizone airconditioning. .° ” 
m2 systems apply hoth to modernization and new construc- 
tion. Packaged; rooftop units often permit large savings 
in fan power néeded to move conditioned air to distant 
spaces." Thus they are best suited to Jow, -eprawling 
: buildings, Central airconditioning systems ate most ef-' 
- ficient in compact, multistory buildings where fan pow-. ."' 
-er requirements to circulate the treated air are rela-. oa 
__ tively low. Moreover, the higher the heating andcooling, -— 
loada (in Btu/hr/sq ft), the more efficient the central 
plant, Electrical distribution also favora central ‘Bys- 
"tema; ikda easier and more econornival to bring electric - ae. 
power to 4 central point than to many packaged units. | 
Gaa pipes for heating pose an even greater ptoblem for 
packaged, HVAC systems. . a 
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Accading to Dubin, a central HVAC plant i is nonmally 


~ 10% to 15% more efficient than packaged HVAC units, 
for two reasons. First, its equipment is more efficient. 


Second, it hasan intrinsically more efficient condensing 


‘apparatus. In every refrigeration cycle, the refrigerant 


“- (the basic cooling agent) must be condensed from gas- 


eous to liquid state after it cools the water or air that is 


: used as the cooling medium. In central HVAC units, the 


condenser uses water to condense the refrigerant? But - 


_ ' for the. rooltop packaged. units, the necessarily light 


condenser normally uses air, a much less efficient cool- 
_ ing medium than water for rejecting the heat of con- _ 
. densation. An air-cooled condenser uses considerably 


"more. energy than a central. system’d water-cooled 


condenser. Thus the normally air-cooled packaged 


HVAC unit starts out with a basic energy-consuming 


"handicap ‘in its. aie ciara: with a ( eotzal “HVAC 


es, 


- Aga genera ¢oncluaion, a conde HVAC system, gkill- we 


There are several other savanngss ea by cen- ae 


tral HVAC: 


- #Ttcan bum cheaper fuel. 
_ © Itcan be designed for lower total capacity than eee ot 


aged or window units and usually for greater overall 


; Operating efficiency. .. 
“ee [ti is more asta to automatic, computer control 


: ‘fully: designed ” to exploit all potential opportunities, 


: . seems most likely to conserve energy, and probably also. 


to minimize long-term owning costs. Yet each project 


must be rigorously analyzed for its own unique combi- 


48 


MODERNIZATION OFEXISTINGSCHOOLS 9 | 


o.. 
ERIC 
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_ nergy sources — natural gas, electricity, oil ~.consti= _ 
tute another major factor. And today, with energy’. 
‘prices changing and some sources (notably, natural - 
gas) in short supply, the designer of an economical — 


Wine 


iF 


oa 


‘nation of factors, Among the variables that can affect 


the choice between central and packaged units are 


load factor (airconditioning energy used/total capac- |” 
ity) and diversity factor (maximum overall demand/ 
_sumyof individual peak loads). | 


HVAC system muat be something of a soothsayer. 


Even when the system choice ha’ been made, important 
decisions temain. Sizing of central units for long-term 
economy requires judicious weighing of assets and lia- 


bilities, Increasing the size of a central chiller unit re- - 
. duces its capital cost; on a per-ton capacity basis, a 
_ §,000-ton unit?osts only half as much per ton toinstall ~ 


8B a 260-ton unit. © ne 


The coat engineer must carefully study the load 
factor in choosing units because a large unit operating 
-_at partial capacity loses efficiency. Energy consumption 


for central airconditioning systems is reduced by speci- 


45 


fying at least two refrigeration machines, cach complete. : 


‘with its own cooling tower, pumps and other auxiliary 


equipment. When cooling loads drop to 50% or less, it = 


is more efficient to operate only one machine. 


The same principle ‘holds for boilers. Significant fuel 
savings ate attainable through use of. smaller units 


coupled togethor for independent firing ‘tH operate at ; 


.péak capacity and efficiency:as demand increases. - 
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os . 
16 Another technique foe reducing energy consumption in’ 
’ HVAC systems is. called the economizer cycle and ‘it 
requires cool outside air to be introduced to an aircondi- _ 
» tioning system instead of coaling and recirculating the | 
_” warmed up inside air. Naturally this will not work if the 
» . outside air is humid, and for this reason the economizer — 
cycle has little application in areas such as Florida, 
‘Controls can be installed that test the humidity and 
a temperature of the outside air and will not allow it to 
_ enter the system ‘when it is too warm dr humid. An» ; 
. additional set of controls prevents outside air being . - 
' introduced at the start of a cooling or heating day until 
the desired interior temperatures are reached. 


. Because of the inefficiency of operating central HVAC 
equipment at very low capacities and on an intermittent 

vo basis, space with irregular occupancy hours might be - 
“more efficiently cooled with window or' packaged ait- 
conditioners equipped with thermostatic controls. How- 
’ + ever, the efficiency of different manufacturers window 
*', and packdge airconditioning units varies widely and 

-. some require twice as ynuch energy per ton of refriger- 

ation than others. Assuming efficient equipment with _ 
thermostatic controls, there is less probability of energy 
-waste through excess heating « or cooling than with cen- 


a tral airconditioning. : ; > 


‘< ne . " 
a i 


ee When central airconditioning is the choice, 3 air distri: 
2 bution shguld be at low or moderate pressure, not high- 
"velocity, high pressure. Fans and pumps use about 40% 
of the energy consumed by an airconditioning system. ' 
High velocity, high pressure air distribution raises duct - 7 
friction losses. arid} raises ea erforgy consumption needed to 
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run the required larger fan motors. ‘The smaller ducts 47. 
allowed by. high-velocity distribution may slightly re-- 
+ duce construction costs; because of a thinnet-floor-ceil- 
' ing sandwich in multistory buildings. But, normally, 
F 6 gy Se this slight-saving is soon dissipated by higher energy |, 
# "+ consumption, re 
Since heavy airconditioning loads are the thief source 
of electric power, interruptions, research is under way 
on “cooling storage” tecigiques, which would flatten 
the jagged peaks of the energy demand curve and:re- ~ 
duce the hazards of blackouts or brownouts when 'de- 
~ mand exceeds capacity. In addition, the altered power/ 
demand profile would also conserve energy; electrically 


driven airconditioners would operate on-60% hess power. 

‘Steady power demand representing the same total ener- 

gy consumption as a jagged power demand curve with 

_ prominent peaks and valleys represents gren'ter powcr- 

gencrating efficiency. Lower peak hour demand enables 

7 the utility company to operate itssbest equipment most 

' of the time, without the necessity of using old, inoffi- 
cient turbogenerators. oo 


e 


“Cooling storage” airconditioning depends on a bagi- 
cally simple scientific principle — thermal energy stor- 
_age (TES). When the airconditioning, unit-ia operating, , 
.' _. refrigerant at 40F or ao tlaws from: the evaporator — 
S through a thin, lightweight panel of ribbed aluminum 
"and plastic containing salt-hydrate crystals that freeze 
solid at 65F. Offpeak nighttime operation of the aircon- . 
~ ditioning system builds up “ice” in the ‘FES panel. At’. 
eo ‘ maximum cooling load, the melting crystals replace the — 
(oc s. evaporator as the cooling source, relieving the energy 
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46 fomd on the compressor, By evening, when the “ica has |” see - a 
+ itatted, tha compressor atarts.up again, renewing the : 
. Mrconditioning cycle, TES: changes the airconditioning. a 
eysteny foom an energy-peaking’ drain:‘on the: electric m3 
_ whlity into a power stabilizer, It adds further economies q 
by reducing the required: Releigeration opaty by . 
AboutO%. ee 


The enengy-storing sects is nircad in ie Re, a 
fey electrically energized heat storage syste ti, serving * me 
* 250,000 aq ft of office space, cuta operating costa forthe yo . 
New Hampshire Insurance Company headqtiarters j in. m Sys 
i,Manchestet, N.H. Operating betwoen the hours ‘af >. ef 
a pum. and 7 a.m,, this heat-storing aystem cuts working © 


“Say power consumption to 20% of, total consumption. 


“Nhe Heit storage ayatem featiicen. three 16,400 pallon , 

tanks with electric resistance heating clement; each’ 

Mted. at T35 kw. Tank water, heated to 280F, merely” 
ntores bent; it does not circulate. Two heat exchangers a 
per dank supply’ water for Apace heating and domestic: op 
ashok water, Reg j . 


" Plootele heating, however, gene rally worka apitiaat ener- 
RY Conservation. So long as oil, coal and natural gas con- 
atitute the ptimo fuel sources, for electric power genern- 
Mor, crane Nea will remain arninherently wasteful 
an of energy. What makes this practice inefficient is 
tha two basic energy conversions — f rom heat to elee- 
Bead and then back to heat — with transmission losses 
nandwiched in between. ‘The 32% thermal efficioncy of 5. 
this process caf be doubled w hen the Quel is burned gt ty: 

the aite far direct conversion to heat. . 


"4g 
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_ Another inaeel ignored technique for 
consuniption is the use of bivt. deg thermal insulating ma. 
terials, But in conjunction w ith wall shading, it consti- 


Electri¢ heat can, 1. how ever, bee f ficient ama, supplemen- . 


tary heat rourcy — for example, in the periphery ofa: 
building whh, highly, variable heat gains. or lossea 
through the walls. E lectric heat is inherently inefficient, | 
only when it ia used as the primary heat energy sourer. 
. (The electrically driven heat pump in ‘not, strictly de- 
finixd, p form of electric heat.) - 


Like TES, solar ridj Wntually become a 
-ponpolluting, energy -conserving powdr source sometime 
in the forcsevable future. Even now, he solar radiation: 
op diapinging on a school building’ a rool could supply sev- 


* pal times the total winter heating h\ads. Solar energy, 
might he particularly advantagcous hen vst 4 in con: 


ame hon with a heat pump. — - aes 


* Improved thermal insulation. 


reducing t ia RY 


otutes thé most importaut detérminant of heating and 


“pooling Joads. Infact, aaa means ofire ducing long-range «., 
owiling conta, thermal insulation ia “ prohably the-tnost - 
eoanymical investment that <t be anindi- i ina Auilding. . 


» Pho additional coat of improvdd insulation can usually 
Ite “e which ‘it 


abe recouped within two ‘to file year’? 
_ becomes an a tr miniile economy. 


” Gloneiy el to the rial insulating quality’ in the heat- 
retaining capacity of building materiala, Over he past 


moverald tlecaden, the ¢ lene of Walt \ le and rool . 


gk 3 eOONE * - ' 7 
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“ele ldee! 


duced efficiency. 


o me) Renken the envelope 


ie miata "Praditional I hedgattone, TAA NORN IY, = 
_ und concrete construction retards heat gaing and losars, 


thus flattening a building's energy demandanrve for 
heating and cooling, Mainly because it reduces, pe av 
demand, a flattened energy demand curve. promotion 
ena nseryation | in three ways: 


a.tapital cont for heating and cooling cequye 


ment, which cain, he designed for lower capacity. 


‘© Tt assures more efficient energy use hecdunr’ gun 


ment is most cfficient’when operated close’ to eajpucit ie 


_e It relieves peak demand on electrical power wWASHikhed, 


which can meet peak demand only at the prign a ee 


A Rael ore ali nh buifding: Hoque HOU: of its ni ta jy: 
exhausted and replaced by outside air, Tt the VIN NG 


avstem is regulated properly, “an economic al. AATAV MAE vn 


air will be exchanged, However if unwanted hot or eld. 
nit lenks into the building: the HN AC system will have hie, 
compensate and thas birn more energy. The stays hay 


te stop mr leaks Are affen walled: fi: htening Chea cnwelie, a 


Obviously the. min lise oy fora birildting envelope tay Le ak 


are around the windows and door. Air can inhiliitoiy 


“around the frames, if Uae a dries ant nal, [Owes Ih 


wid tye SM 


. fin metal oraviod frame 
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opening windows, Weather stripping can provide a seal 
for these moving parts, i 


Main entrancea with oné act of done between an ene~ 3 
trance lobby or hallway will always admit outside air 
whenever the doors open. ‘To offset thix lous a building. « 
“requires a vestibule with a sealed chamber between two | 


nots of doors. The vestibule must be sized. for the traffic. 
flow or else both sets of doors ave likely to be open at the’, 
same, time. , — 
Cold outside temperatures can chill the interior of a 
building if the metal window and door frames conduct 
the cold through: the walls, Good. metal frames have 


thermal breaks in them to insulate the interior face of 


the frames from the. exterior If window frames do not, 
have thermal breaks, they will have to Ke replaced. 

Heat and cold can.also be conveyed through convection 
that occurs when window glass is heated or cooled thus — 
affecting the temperature of the air on the other face. 
One sohtition is to double glaze the windows—add, un 
other sheet of glass and leave an air space between it and 


the original sheet, [Ideally (his air space should be a 
vacuum, but vacuums, like ideals, are hard to Innintain, 


“Another sohition is more dramatic! Replace the pliass 


with jnsulated panels. Beforg considering this technique 


be sure to chock that sufficient windows are not blanked 


off to meet the code requirements that specify the ratio 


of glazing to floor area, —. 


85 


_ rounding wall, Obviously, these should be recaulkeds 61 
* And, air can leak between the frames and doors or 
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- Improved lighting design | 


Some HVAC ayatems, particularly in old buildings, expel 


‘interior air through gravitysoperated) exhaust venta, 


Unfortunately many of these vents allow excessive 
amounts of air to leave the building and the HVAC works 


overtime to compensate. Fortunately the flow, can be, 
reduced with. pressure-activated dampers inside the 
_ vents. The result carries a bonus for the building since 


the interior air pressure builds up sufficiently to stop 
outside air entering through the customary leaks in the 
huilding envelope, With infiltration, reduced—there- 


fore Fo drafts ure’ felt-the comfort of the, building is | 
- -increased., = 


Ce 


At no real nacrifice in, quality, energy y consumption for’: 


lighting could be redticed by at least 26% in new build- 


ings and by 16%. in. existing buildings, ‘according to a. 
panel of Bi ati caarar te by‘the National Bureau of 
Standards and the General Services Administration. - 
’ Lighting is an extremely important factor in overall 


energy consumption, As indicated carlicr in this report, 


_ oxcess lighting wastes energy in two ways: in direct” 
consumption of electric power (to produce the light 
itself) and then in additional cnergy required ‘to dis- 
“sipate the quantities of waste heat generated by the 


lights. Even with modem fluorescent lamps, nearly 80% 


- of consumed lighting energy ends up nsvwaste: ‘heat, , 


Moreover, reductions in lighting levels produce amazing 


‘ . energy savings. Dropping an illumination level from 150 


~ to 50 f{t-candles.reduces-energy consumption by 90%, 


™ 


t+ 


t 


). There are two obvious methods for reducing the clectri- 
cal energy, Consumed in lighting. Local awitching, en- 
al ling occupants to turn off part of o room’s lights 

oe is available at a negligible increase in wiring ‘costa. 


Another obvious method is to design lighting for spe- 


oaett as cific local tasks inatead-of uniform general lovels. Ac-, 
er cording to Stoin, designing individual study carrels for. 


local illumination, of 70 ft-candles (the recommended 
{8 standard for gencral classroom lighting) would cut 
lighting power requirements by 80%. *p. Ba 


H a Lighting consultant William M. C; Lam, of Cambridge, 
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"Mass. cites several other techniques for restricting high. ~~ 


“*. “itmination levels to apccific local spots where they are - 


_, needed, In drafting rooms, table-anchored, swivel-armed 


fluorescent lamps provide flexibility. They also provido 


“oo 4 better individual glare and shadow control than general 
high-level ceiling lighting. Incandescent lamps still have 
"| their local lighting uses, Movable track fixtures permit 

‘tho movement of luminaires to different locations where 


* they.are needed. © 


eo, s 


(JERI) recommends the use of photoelectric switching 
to combine natural and, artificial lighting to best 
“4 ’ advantage. EY ts 


“Ing’relatively: large economies at extremely slight ad- 


Bat a 4.8. _ : pte age Ria? eee a ao 7 p 


oe ee a ee 
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aes ‘The -dluminating Engineering: Research Institute 


: “High-low” ballasts offer-atill another means of offect- : 


La iy. ditional capital investment, according to Lam, For ~ 
about 10% additional first cost for Jighting fixtures,. 
: high-low ballasts (individually switched at cach fix- - 
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ture) allow a building owner or the pennants to soloct 
the lighting level in each part of each room whenever * 
- _ the furniture or uso is rearranged, Tho savings are par- 
i ticularly great in modular buildings where flexibility «“ 


is achieved through a uniform layout of lighting fix- 


., tures, If only the fixtures located over desks were oper- 
~ ated at “high” and all others at “low", the average - 


lighting load in a typical building may be reduced by 
60%, with additional savings in extended lamp life. 


- There would algo be a more comfortable and attractive ef 


environment, 


| If high- low ballast were ) required on all’ government 


financed: projects, the ballasts would become competi- 
tively priced and the additional firat cost would be 


’ offset by operdneg savings in weeks instead of months, 


i 


” Many stnovis are questioning lighting critoria. The | 
basic standard for school lighting is reading hard pencil — 
. On cheap, gray foolscap, Why, asks Stein, choose such 
_an arbitrarily difficult task? Why can’t the student use 


a softer, more legible pencil, or even-better paper? Visual 
perception is extremely sensitive to the quality of read- 
ing material.. With everything else constant, 8-point 


' Bodoni type can be read with the same case at 2 ‘ft. - 


ee as No. 2 pencil waiting at 63 ft-candles. 


v 
it is, of course, ‘convenient to have uniform general 
lighting levels. throughout an entire academic space. 


But in. view of the economic and social costs of such 


- tremendous : energy waste we may have to compromise. a 


ae The New York Chapter of the Americati Institute of,” 
” Architect agrees with other. experts that a 25% te-. |: 
duction in: electrical lighting energy consumption dg: 


in order, : ee 


_,. Several new technological improvements aro available oe 
“to cut.the energy consumed by lights. Cooling fluores*. (.” 


cent fixtures via the air- or water-cooling heat recoyery 
discussed later in this report appreciably. 


techniques 
raises their efficiency; an ordinary 40-watt fluorescent 


_ lamp operating in 77F air produces 14% more light than: 


_ the same latnp operating in 100F. 


STING SCHOOLS. 


Operating fluorescent lamps at higher frequencies than: . 
the standard alternating current 60 cycles per second 


~~ also raises lighting efficiency. At relatively high lighting 


_gation by the schoo] designer. 


~’ Une of large glass areas to cut the need. for artificial - 
light: poses ‘a perennially debated problem. Does the ‘ 
saving in lighting energy justify the ‘added ‘cost: for, .. 
heating and: cooling accompanying the larger heat: — 


levels, raising the frequency to 3,000 cycles per second * 
can cut operating costs by 15%. Despite its higher initial’ -  ... 
_ cost, high frequency lighting nonetheless merits investi- 


-Josses and gains through the glass? Mechanical engi- % 


- peers tend to favor the use’ of opaque well insulated 


walls with minimum glass area. Architects and lighting, . 


consultants sometimes tend to favor the potential light--- 
energy savings attainable through ‘well .designed and ©. 


shaded glass. (Among their liabilities, large glass areas — 


\ Gncrease maintenance costs — for replacement of broken 


glass, for washing, and for blinds and other natural light” e 


. 4 
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+ conttols,) Bach ¢ case requitea individual see by the . 
-- architect and his fonsultants, _ 


‘Waste-heat recovery 


«Perhaps. the most productive energy jedneorvation a 


nique is the recovory of wast heat, which is usually ro- ‘ 
.. jected. to the atmosphere, but could be used elsewhere o 
= ina building, Among | ‘the most productive waste- -heat : 


“reclamation techniques, are t the following: 
@ “Recovery of lighting heat loads. 
-« Exhaust heat recovery, , 


* @ Total energy: plants. (Bee nxt chapter.) - 7 : 


© Heat pumps. 


“8 


- Schoolrooms produce i an: unusually high heat gain, often . 
_ requiring cooling even when outdoor temperatures fall 5 
below 20F, This is because of their dense oécupancy, 
. roughly three times that of a typical office. Light trof- 
' fers can heat the ceiling ’plenum to temperatures, CX: | 
"ceeding 120F, and the ‘consequent heat gain ranges be-.::° 
' tween 60% and 80% of'the heat gain from human qc- 
cupants. During cold winter weather, removal. and re-- 


_ covery of this light-generated heat saves ‘energy in two. 


- ways: by reducing classroom cooling and heating loads; 
and by reducing total energy consumption. by. transfey- fie 
ring the excess’ heat ‘to other-areas that need iti. Oa ee 


‘Removal -of this. light-generated heat: can’ ea accom: eee 


“plished by two techniques: piping cooling water. through : 
" jackets in the lighting troffers, or exhausting room air * 
"through aircooled fixtures int a ceiling plenum.; 


wh os 


o_ 
ERIC 


“Of the two techniques, water coiling is’ :idherently ae 


- more officient; Connected to an evaporative cooler, the’: 


- water-cooled lighting: fixture, reduges the required ca- 
pacity of the airconditioning. system’ 6 ‘refrigeration |“ 
- equipment as: well jas fan. horsepower and duct size. “ 
Aircooled fixtures, donot reduce réquired cooling capac: ..” 


ty, because’ they.are part of the airconditioning system, Vai 
not, ike the water-jacketed fixtures, in¢orporated into |. 


a more efficient, independent ayatetin, of: their offen, 


; _ 


Potential economies. through light-generated heat . 
8 


_ covery are indicated.by.a, 


cost for the special light fixtures. and. $50,000. for .im= ", 
«proved thermal insulation ‘(in this case, double-glazing), ° .. ‘ 
the owner: saved, $100, 000 in reduced airconditioning.“ 
_and air-handling equipment. And in addition. to. this: 
not $30,000 capital saving, ‘he will perennially benefit 
“from lower operating costs. Heat exchangers designed - . ' 
to. recover normally wasted exhaust heat can reduce — 


an; ‘Diego: office building *" 
_-equipped with combined wi ter-cooled lighting and air-. 
“conditioning troffers. eh return for: $20,000 additional: 


‘winter heating energy consumption by 30%-36% ‘and. 


summer ‘airconditioning energy consumptiory by 15% 


20%. These exhaust heat’ exchangers come in four basic. 7 


kinds) rotary: whéel exchangers; . W water-cooled, coil: . — 


“(run around), exchangers; heat pipe banks; and dir-to-: 
air exchangers. Each kind can provide all the fresh air 
: fa aaa preheat needed either i in winter or summer, 


The rotary wheel exchanger has several ee a 


Strategically located to intercept adjacent. airstreams, —. 
: “and packed with  heat-absorbing. eaatarie (for example, = 


cheat ee can: oi troviter Heat from. the eX- © 
= “Haust to the supply airstream. It can, moreover, recover | 

~ both sensible,and latent: heat’ (i.¢., the heat contained - 

odin the. phase. change of atmospheric water vapor). A ts 
“coil exchanger | can recover only. sensible heat. Thus it 9. oe 
“is leas officient ‘fry’ effecting guimmer cooling savings. As 9 :;! faa 
A ‘major ree the rotary:wheel exchanger rele By: 


e 2 the, sae Jota, or supply and oxhaust ducts.’ 


;o vt 


if 


Lor ‘mallet ot axiating installations} hein vehanger yd, 
. Offers: ‘the adyantage of heat: ‘transfer between supply — 7 
and exhguat ducts in widely separated locations. Finned. oe 
--¢oils are: installed i in-both ducts, and the heat-conveying: _ ; 

water is simply, pumped il the exhaust " the 2 supply : Eee 
duct. wat : ~ on bes J . 


a tae bs. enue 
¥, thas 2 ea % 
we a an 


‘Heat lie: bane ‘and air-to- -air heat ‘exchangers ard. 
* more, exotic techniques’ that. merit ihveatlention by: 
‘mechanical 2 ean! oe Ss leat t 


- Si 


‘Thetheat pump offera atill iota dpothigd of Yr ayeiing. 
_ waste heat, Like the refriggration uniti in# ‘convehtional « vo 
: airconditioning system; thé heat pump comprises: three. - 
“ basic components: compressér (the system’ 5 prime © 
“ miover)s ‘an. evaporator (the cooling comppnent); and 
‘a condenser (the heat-rejecting component). The heat 
“pump differs from normal airconditioning in its reversi- 
__ bility, which allows it to recover the normally waste. 
~ heat. rejected by the condenser and use this. reclaimed 
os energy for winter aig 6 2 a. Co 
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SF The heat: outnpl F + peseedibile cele depends ¢ on an iitrte . 69. 
-» eat, four-way valve that. can reyerse the basic cooling 
eg cycle. In. this reversed cycle, the outdoor condenser: 
oe Cheater) ‘beébmes an: evaporator. (cooler), and vice © 
ie versa, the indoor evaporator becomps a condenser heat- 
tw —. “ing.the interior. During the heating cyclo, reversed re- 
ss frlgerant flow extracts hoat from thé outdoor alr aid ‘ ae 
Re snes it indoors at the condenser. -_ 7 


4 < 


“4 “ak I oni reasag, the deetiign hans beati made tolheat 

and coollectrically, the Hat punlpi is the most efticierit Je 
~ »» method, Because it draws a large part of its energy from: | 
“outside inir, well water if available, or condensed water 
.’ ina’ closed loop system, a heat pump can be 2.5 to,6- ay 
_ times more efficient than other.electrical heating meth: " 
ae th. ‘ods. Electrical resistance heat is. inherently far;‘less’. «~~ 
efficient than the’ heat’ pump. becauge the, generation, ad 
ca on: transmission and; distribution of eleetrical ‘power Joges. .* 
wot about 60% of: the potential energy of the fossil fuels; 

RO that produce ithe: power. The ‘heat pump is espet ay 
efficient. for puthern climates when outdoor air i oat, ' 
... but if wéll water c or condensed water is used, heatiputapa?” 

. "can sometimes compete with more conventional heat: 


ing. and coolinig-techniques i in northern climates.” 
se eo 


5 


pt A case. in point.is isa Kimberli, Wia., high shook: ‘where : 
tye mechanical engineer Walkout Ratai combined : a heat a 
= system to. reduce. aifual heating ahd cooling costa’ ‘be: 
* low the estimated fuel cost for heating with a conven: age 
‘tional unit.ventilator system. Moreover, the design — 

’ reduced outale costs a by an estimated $160, 000. Addi-, 
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"60° “thon - of cooling. boosted total ‘eaiuteuatien cost by” 


1 ot -$180,000:: ‘But. the ‘compact: design made possible BY 6 Gg? hs hs 
e a cooling cut '$330,000 from general construction, electrie v\. 
ee cal,;and plumbing conta, oe 


ee. Because: of the: heat recovery system,’ the Kimborly 
cs, eho! requires no additional heat. when the outside 
*"* tomperditure ds above 23F, (At this equilibrium temper- 
“y, ature, excess heat drawn from ‘interior aroasis circulated 
i in the, cooler poripheral areas.) When temperatures 
"i, drop below 23F, the heat: pump extracts supplementary. . 
heat from:64F water in a 660-ft-deep-woll. Removal of 
A % classroom air through the lighting fixtures reduced re- 
vy quired cooling capacity by 10% ‘and fan power by 26%. 
"By removing 70% of total light-gencrated. heat from the 
classrooms, the engineer enhanced the efficiency of the . 
- heat pump and the lamps, which (4s noted previously) 
et 1 operate more efficiently at cooler semunera arian oe? 


< 


(Using the sun’ 8 energy 


: a i* Adding ilar energy systems to oxisting huildings ae 
~ ally coats $10 a sq ft more than in new buildings. If you 
in are chakbe mgs adding ¢ 8 system you should ip agens 4 


. reheat att least the saat an electrically. heated’ * 
: school. Is a solar energy system compatible with the’ 
Ss “existing system? Solar systems often provide heat;.at'a 
i lower temperature than conventional systeris and so © 
: require larger radiator, ‘or convector heating surface: » 2 eZ 
. argas. A water syétem is not always compatible witha: 3, ee 
a steam aystem becauise two different minds of reelntors ares. + 
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> fequired. Is there a place to put the collectors? Ifthe 61. 
‘|. gollectors are placed on the roof, structural modification 
cin add $2 to $4 per sq.ft to the price’ of a system, 
| Plumbing costs are also. increased by breaking through 
“» existing walls, roofs, and floors. If collectors are placed on 
‘os the ground, make sure tho pipes into the building arowoll +.) 
veto insulated. Make sure no buildings or trees will block the. 
bite, ‘aun’s rays, | _ ? iy ‘ 


Equipment currently availableis a reasonable longterm — 
ae investmont, but the cost is expected todropasmoresplar 
be ‘energy systems,are built, But why wait for the perfect... 
ove". gyatem ‘to arrive? The longer'you wait to make adecision « 
7". concerning solar energy, the more.money you are going 
“$+, to spend on fuel from a nonrenewable source. If you can’ 

°. save'money now, why wait? 7 We ag en SA 


How solar energy is converted 0°! 4." 
"+ The simplest form of solarheating iscalled direct or * 
‘passive. and“it, converts sunlight into thermal, energy: - i 
“within: thé space to be :heated, The most: common". 
* tochnique is to install large south-facing, windows that ~ 
._ trap direct solar radiation during winter daylight hours. - 
"Some of the building's heat is stored in the masonry wall 
and, is given: back to, the room,whin the sun goes down. “ 


oe i ae This elementary system provides fdequate comfort in a 
ok. f 245 climate rh Aion days,or periods-of Mtense cold ~ 
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. 62. tains), and carefully located gontlatone In thas aumniat a 
when direct sunlight ' is not wanted, an overliang ‘ig 
“provided. on the\windows to shade them from the high 
“aun, Incorporating direct solar hediting into the design, of 
a building doés not require.an increase in initial cost ot oe 
-tmnintenance conte, ue ee pat, 
here: aire deawbucks to this: approach’ fin that great 
amounts of Bouth-facing plots, tan cause overheating, 
glare, and damage to furniture: In buildings, with massive * 
.. heat-storage walls on the south aide, viowa are impaired, Bi ay 
_ ~ and en joyment of the southern éxposure is limited, The‘ y 
‘: other form of solar heating is the indirect system which “@ : 
‘owe. Converts suntight-in thermal energy outside the spaces |. 
; “tobe heated and fooled. Such aystoma require ameéanaof —™, 
oe" collecting the suntight, storing its heat itil needed, and - 
‘then distributing, it. 


apie: heart of tie infect system is phe ne collector, roa 
which:5 gathers the: polar: sFauchtint ion andantensifies.{t to Ging: WOE 

heat..water, or: ait that cin be stored and piped into a 
hyentional hent diatribution aywtemy There find basing 
iy Be; types of collectors i in on: indipact mystem; the Z 
_ Concentrator anid, the, flat plutei. * 


ie-conconttating eolieins usitally wasiaehe ‘ofa highly i = 

‘reflective curved surface, which; focuses sunlight on a ree 

. _. , radiation absorbing area. ‘These collectors “can easily 

te 2 obtain ternipifatires ‘above 260F, They are trough- or. 
-*ocdish-shaped and require a tracking gyatem that must. , 

follow. ae sun because | they? can only collect direct 
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ite usually about 4 ft by 8 ft. ‘T' 


fe Aayally in. Stored 4 in Aatge bins of Klones, ee 


MS ea ast 
ite age ha 
- Flat plate suilectons nae. A more universal application 
because they absorb diffuse, aswell av direct sunlight. 


' The collectors. are, in simple terma, large, ‘trays af water" 
.. of ait. covered with glasa to. create_a “greenhouse” that 


heats the fluid. The surface of th tray is coated with 4n 
‘atworbent, material to adak up (fie sun's rays and inten- 
“oghty the heat transferred to the 


* yoot.oy on the ground ani are tilted rotighly perpendicu- 


lay to: the aun to capture the moat direct radiation. = 
fey a Inaulation: on the back. of the. collectors prevents: heat ie 
Hd ‘ eS “ed ‘hoaa to the mir. — 7 ahh: 


The heated fluid is carried a gm the, alice into a 


ater of alr. The plates: 
‘be mountedona © 


“atowige avea Where it is held tiatil it is heeded, In an 


indirect ayatom using water, tho ntorage area consists of a. 


large tank capable.of holding up to a few days’ worth of 


“heat. for the entire building. Heat from an nir mystery ; 


‘ 


i a alee storage aysatem, heat is transferred to the _ 
rooms by diredt convection, circulating the storage tank 


water through baseboard convectors, or coila in’ hot. air * ~ 


ducts, or by fan coil units. Domestic hot water can be. 


preheated by routing cold feedwater through: the storage 


tank ond then heating it upto MOF by: gua, A typical 
Bie ceas neater TES stem trayaters, het tothe. dwelling 
1 it wiirin- nir ay stem, 
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ecving out with a new building obviously offors 
pthe greatest opportunity for energy conservation, 


* a achool building’ 8 Energy conmumption can be feduced 
“by up.ta 60% compared with a conventionally designod: 
“Duilding, / Tn addjtion: to the technique discussed pro- 
. viously; new cinatruction offeraheveral means of energy 

ae “ conrorvation: hat Are. generally impracticable (or leas 


s Multi. une sectupatigy. 
«Total nergy. 
# Wall algadiig. 

e Autornlttic controls, 

. Improved mechanical design. 

i. “# Improved electrical design. _ . ay oe 

@ Solar energy. “area! : 


ae ‘ 7 ° : yoo a 


Compact building shape’ | “i, oe _ a 


Building shapo playaa basic ‘ole in the energy ry tofited 

ta heat arid cool a building: Since heat gains and.Josees 

Are: transmitted’ through walls and roofs,’ the “dopigner’ 

‘. phould:-attempt to minimize these surface arena. Ys an 
: “tadicdtion of the heat loads’ imposed during hot ee 

‘ot, the temperature of: :tt.grity slag roof can reach 1 5F, 


Cio _ Sprawling, aingle-atory schools maximize roof arena. 
a 


aye: 


 Eneiay conservation thus’ reinforce i rising land conta to. 
3 favormore efficient, aaa alae Thee: a 


dud With the clearly atated goals-of energy conserva; . 
\ ton and life-cycle coating It the architeétural:program, ° 


Lance: for hires bufldtnge, ‘Aroarig theso are: - - 


ath: °° " 
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toward year-réurid sessions with its ieeepeequent need for — 


airconditioning further enhances the advantages of the 


compact, multistory building shape. A mére indication - 


_ of practicable surface area reductions —.a three- story, 


“;, double-loaded classroom corridor wing requires. 35% 
‘oss building-sutfacc area than a single-story building of. _ 
equal volume. A compact design also reduces plumbing. 


and electrical’ costs, though. shortened, runs for pie 
and conduit. 


~° Other siting factors may sometimes soutwtlih compact : 
ie building shape as:an. “energy-conserving measure, .ac-  ‘ 


~ cording to Stein, Skillful exploitation of prevailing . ae 


* winds, topography, and trees, a’ sheltered solar expo- 


‘sure, or other natural features may enable an architect ' 


to design less ‘compact shapes’ that may ultimately. 
prove more’ efficient than simple minimization of tho | 


building’s area/ volume ratio. Relying on natural venti- 


~ lation for hot weather, cooling may requife toleration of 
occasional discomfort on.calm days. Nonetheless, imag- oo 
_, inative exploitation of natural features is a” largely, — 
ignored. ancillary method to be used in conjunction 
with building shape aga ‘major enorgy-conserving a 


technique. a 3 ay 


a4 Building “orientation affects ateeorditioning: energy: eo 
"quirements. A rectangular building with a 2.5 length; : 

’ width ratio ‘absorbs considerably less solar heat if its. 
long axis is aligned in an east-west instead of a north: . 


south direction. (The sin bakes east ‘and west. walls 
‘longer arid’ more ferociously than even a south wall, 


°. which can be more readily. shaded and which ae 


‘solar rays at Jess direct any ) 


BQ 


ao a 
: : 3 ffs 
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Multi-use occupancy. ,;;, 


66 Closely related to’building shape as a factor'in energy 
 donservation is’ the tulti-tise Building, a design tech- 
nique of increasing relevance, especially for the central. 

city school.‘Skyrocketing land costs, coupled with short 
‘supply, inapired design of the earliest multi-use school- 

office arid echdol-npartment structures built during the 
' mid-19603s, Energy conservation .adds another advan- 


"tage to multi-use buildings, especially for school-apart- 


Oi ., - “ment: buildings. Incorporating.a school and residential | 


“apartments in a single structiire affords ah excellent op- . - 


portunity ‘to reduce the overall surface area/volume 
tatio below that of two separate structures. And with: 
_ their staggered peaks in airconditioning demand, ‘the 
school and apartinent have complementary energy de- 
mands. The flattened demand curve permits lower total 
plant capacity and the greater operating efficiency of 
..-Yunning equipmentcloser to capacity. “8 


. Multi-use projects offer an opportunity for schools to’ 
exploit the potential economy of total energy (discussed 
below). What: is neéded for total-energy economy is 
_. complementary uses of energy.’A project undez,study 
_ by the Fairfax County (Va.) School Districtwould |.» 
consolidate the energy plants for an elementary school 
sand a. shopping: genter. According to Ed Stephan, the . 
~’ total energy plant: serving the school-shopping canter . 
complex would have two turbines, designed to operate . 
on either kerosene or diesel fuel (which could be altered: . 
__ assupplies and pricesv ry to fayprone fuel or the other). 
oe” su 


af 


‘ 


fag * 


8 


- ‘Total energy _ ah He ee 


: a : = 


-) a S - graphical locations have: been + vequipped with: “total 
nergy plants. . = . 
ou 


oe, 


Fd ‘ 


v3 @pgitje or a gas-fueled turbine that drives the electrical 


. ae gent ie ‘Waste ‘heat, from the power soa favor is re- 


: “Opéniting¢ peoriomy 


eS _. orator chamber,to which it.i8 connected. (‘The, salt solu- 
“os tion hag a lower vapor préssure than the pute water.) 
fone : Waste steam from the power generator keeps the proc- 

. 488 going, by boiling away excess liquid i in the absorption 
chamber, thus i aseintuning i i salt concentration. 


a ee : whocet 


eee. Total: energy,. the. opaie generatinty a electric power 
o*. "along with other building energy needs; is basically | a. 
of 3 “heat recovery method that can cut operation, costs:in. . 
» yo) special circumstances, Schools of widely. varying size. ~ 
“st os * from 330 to 2, 300 students ~ and widely separated geo- | 


haat - The heart ata rota energy sank is a an or oil-fueled . 


e : ‘more than daibos the thermal efficiency of the total 
: ‘anergy plant —‘from ‘about 30% to 70%. ‘(Gas-fueled - 
‘turbines offer even greater efficiency as well as greater. 
_ pollution shalemeny than gas or * Oil- fueled. ongines. ) faye 


if a; total energy Sat depends on 7 

-* the use of surplus generating, heat as the energy source. — 
+ for.an absorption refrig ration machine, An absorption. - 

’ chiller replaces the conventiorial compressor-evaporator. eho es 

+: refrigerating cycle with an absorptive- evaporator cycle. - 
” In the absorber chamber, a salt (lithium bromide) solu-  ” 
tion accelerates the evaporation of water from the evap- ~ 


"ee 
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68  Abaseotion chillers use. more » of the fossil fuels than 
7 electrically-driven refrigeration units of similar capac- | 
vity,. but their operating costs may be lower depending . 
-| ‘upon the relative fuel and electrical costs, When pow- 
ered by the waate-heat from total energy electric gener- 
4° ators, they offer even greater operating: savings. And 
their maintenance costs are similarly. low. 


Though not a generally echaonnienl solution toa sacks 
- school building’s energy problem, the total energy plant 

_ merits consideration as part of multibuilding scnpEne 

or ‘multi-use projects, © 


To éxploit the potential economies of total energy,-a 


. project must satisfy three basic criteria, on wha, ; Z : 

: Tt must have high, fairly constant energy demand). - Ciut 2 
” during’ most of the day, over most of the year, both for. °) | -N 
electric and. waste-heat power. (‘This- criterion elimi- ge 
nates total energy for schoolsona nine-month schedule. yo. bl 


i. elt “must have heating or: cooling demands. that; are 
both simultaneous and roughly proportional to —— a 
ond other electric power demands. — abla RD 


-*,Gas (or 4 fuel rates must be competitive with ae st 
“vailing electric rates. - 


‘Wall shading 
* ‘Here is , another butte. yet often iitial technique 
for’ reducing ‘a building’s energy consumption. New | 
a iris aoe architéct Mania Riedel says walk shad- Sey 


Frat i. 
“ 4 ae 
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Jo) ing thas econ almost. a fost art aniong: modern, coo 69 
a tects; they. simply usé power instead of ingenuity to 
...” provide interior comfort. Each wall of-a building may. -_- 
. require a different treatment, depending’ on its expo: 
sure, To capitalize on glare-free: natural lighting, the a 
best. exposure for a wall with large glass area is north 
» (like artists’ studios); It also reduces’ summer aircon- 
ditioning loads. Planting trees along a west wall pro. s i 
“vides shade in summer, when the trees are in leaf, and 
admits sun’ in winter:-when. solar heat gain may help. ~~ 7 
Canopies, projecting mullions, louvers, and solar glass ah! 
. Screens can drastically reduce solar heat gain. - 7 


There are’ several techniques for feducing sci heat 
gains, and éven losses, through glass. Shaded glass.ad- 
mits only one-quarter of the radiant heat ‘admitted by ~ 
unshaded glass exposed to sunlight. ‘Double-glazing Coa 
(two: layers of glass ‘with: an insulating‘air‘space be-. ..~ . 
, tween )-prevents wint¢ heat loss as wellassummerheat 2 
gain. Double-glazed, shaded, heat-absorbing glass re- Age 
'. duces heat; gain. by. about’ 85% 7. Reflective glass cute ‘at 
‘ heat gain hye one-third or 80. ya: Hy ore 


‘the ap ray of a “20-story ® building f for sae "Collage i in 
downtown Chicago. Designed, for minimal glass .frea’ 
by the Office of Mies Van der Rohe, thet opaque walls” 
- of this building will be painted a heat-reftective metal- . 
* lie. silver. \. 2 


Oye . 
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' Automatic controls. eo ¢ 


BY 
_ Airconditioning i is the inajor building subsystem ae 


G58 obey & 6 03 | 


Pel 


i a. a ao me al 


temperatures; .and receive and acknowledge ‘alarms. 


"The jsystem. can be. ‘computerized. to obtain greater ~ 
- energy conservation, thereby lowering the - ‘operating | 
costs,. and. it: can assist: the Erevanuve maintenance 


Pog" 
: P 


Becca 2 ie it a ee 


~ One simple means of conserving dddeonditoning energy. ed 
. jg an “economy cycle’? that shuts down the refrigeration - 
‘-:: machines and takes i in outside cooling ait when temper- ;, 
atures drop to 55F. The economy - cycle depends on 
automati¢ dampers on the ‘supply far opening to the: 
outside. The cool outside air mage with return air in . 
‘needed proportions to achieve thé desir 


AN tes 


__. other subsyate ein failures. . 
e Surveillance: “atid control of faulty equip 
¢ Closer detection and consequent ais cer. correction . 
bf temperature 
va and nae ar 


bee 


In the. most sophisticated :control systems, empirical 
data on solar heat. absorbedl hourly, by:sun-baked walls 


ig fed-into the computer for correlation with the vols: 

- me of chilled water required to produce comfortable - - 
temperatures. The: eouenee can be programmed. for 

“the following. tasks: - 


. © More economical pas of pumps, fans, .compres- 
sors, and related subsystem equipment. ° 


° Immediate detection of overheating, ov 


ent. 
of deviations from desired comfort tevel 


able for aatomation. ‘It can, be tinatbored by a central — 

“«. control. console where..an operator can start and stop © 

~ equipment; read and ititomatically record temperature, - 
humidity ‘and flow conditions; reset the aiy and water ~ 


temperature, : 


rcooling, or 
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Automatic control devices can ‘yproduce: significant - 71 
-. energy savings in other building subsystems — notably 
elevators, which. can be shut down and restarted by * 

time clock devices... . + * ‘ 7 


" « 


~~ Central control systems can often be amortized in less, 

’ than five years, through big savings — not only in fuel. 
_ and labor costs, but in lengthenéd equipment life...» 
Regge ye me ee eee ‘ 
‘Improved ’mechanical design 

Many mechanical engineers have remained as‘uncon- = 
cerned as building owners about energy waste. First- 
_ cost economy in mechanical design has Jong been:the 
" . general rule, Few manufacturers: could even supply ©. 
- data on the operating characteristics of their equipment...” 
- at-partial loading, ‘information essential for long-term: 
- perating economy. Mechanical engineers have tended |: 
‘to overdesign HVAC equipment for two reasons: to 
satisfy peak loads, and to hedge against substandard: ~ 
construction such as poor door fittings and loose win-, 
-. dow seals. This wasteful practice assures unnecessarily © 
4, high ‘energy consumption at normal heating and cool-  . * 
ingloads. ge Pe 


Several changes in traditional design’ practices. can 
_ achieve much greater operating economy: ee 
¢ Use of energy flow analysis, not peak demand, as the- 
basic design philosophy. a Ng Sat 
- @ Design for adaptability, not flexibility, as the basic.“ 
. Design for lower thermal environment standards. 
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Baergy flow analysis i is a’ ‘tool alrendy Seed ‘by leading 
' design firms to replace the: ‘crude conventional practice 


, of simply designing the HVAC system for peak heating” 
Os and: cooling loads. Under this philosophy, the mechan- - 
_ «fecal engineer is a ‘member of the oreliminary. design 


team; he points out the impact of architectural design ©: 
on the building’s total energy requirements — for light- ° 
ing, electrical equipment, heating,. ventilating ‘and air- 


ao conditioning, etc. Instead of merely specifying equip- . 
.” ment to meet the architect’s design, the mechanical 
“engineer offers alternative schemes that will minimize 


: energy consumption. a 


a “Cothputer-taleulated p programs’ ‘for comparing alterna- 


cn 


tive energy systems are in use by the larger mechanical | 


‘engineering firms. One’ such program is ACCESS, - 
“Alternative Choice. ‘Comparisons ‘for Energy System 


Selection.” Sponsoréd by the Edison Electric Institute, . 


vi : this bay dp enables the engineer to compute estimated - 
_-. life-cycle Gos 
systems. It- weighs such factors as demand as well as . 


ts for all the building’ $ energy-consuming — 


consumption. °. 


ge 


7 . The: Anivicdn Society of Heating, Refrigerating, and . 


»jAirconditioning Engineers (ASHRAE) has been con- 


a ducting surveys of energy consumption in an instru.” 
ao mented building. ASHRAE’s analysis of building heat ‘- 
‘gains and losses, in addition to such basic factors as the 


. “counts for such often ignored factors as shading, orien- . 
. tation and heat-gain lag due to the building materials’ - 


building materials’ thermal-inst lating qualities, "ac- 


heat. capacity. According ;to Royal 8: _ Buchanan, ote 


\ 
© * 


2 " ASHRAE technical director, use of these sophisticated 3: 
energy-requirements calculations should result i in Sub: “s 
* stantially lower operating costs. “ 


* “Another set: of ‘compitter programs, , dsvaloped by the Sane 
. Gas Industries Research Section, expahds, the scope of - 

“the ACCESS and. ASHRAE programs. Called Ficube, © a 
. this ‘energy analysis grew out of a program designed for << 
" detailed feasibility etudies of total energy. Dal 


The Eeube program’ ‘answets such questions as ‘the fol: : 

. Jowing:. How much: refrigeration-supplied cooling ener- S. 
gy can be saved by using, an economizing outside air 
cycle? How does energy consumption vary with dif-° 

“ feretit thermal-insulating values for the building skin?» 
‘How: much additional energy. is required for various * 
levels of humidification? What is the thermal afticieney 

‘of different systems? How much of the: recoverable | 
‘waste heat can be used? What size units are best? And _ 

the crucial question — which system. minimizes "the -— 

-. long-term owning cost: “System A (high: first cost, low: ! - 
operating cost); System B (low fitst cost, high oper- *- 
ating cost); or System C (mediate first cost, moderate 
‘Operating cost)? ; . : Stee, 


Design for adaptability instead af flexibility i is a pphilos 
ophy advocated ‘by Dubin. Designing. spaces for the’ 
“Maximum ‘airconditioning and lighting. loads ' can waste ml 
great quantities of energy. Designing them forthe capa- . - 
bility of Mapditicg rion: to meas t maximum eee is far al 
_More economical. 3 ; oe 


Ss tandarde of thermal comfort may y have to al a little 


m 


, Has . 


tities of, -energy could be saved merely by lowering inter- 


- ior winter temperatures and raising summer tempera. 


» tures: ‘ftom the 75F mid- -point of the 73 to-77F range. 
. definedas “thermal comfort conditions” by ASHRAE. 
~ Raising the summier temperature from 75F to.78F could’, 


* cut ‘energy consumption for the airconditioning by. 


_ about 10% int the ayerage airconditioned building. Sim- » 
.: ilar savings could be realized by lowering interior winter. 
» temperatures, | Cold-blooded occupants could readily. 
Adapt simply by veeos “heavier clothing. 


According to Dubin, many other buildings (including _ 


schools) gould be designed for atmospheric conditions» 
that are “exceeded only 5% of the .time instead of the * 
25% criterion in current: use, This:relaxed.design would 


’ allow spaces to become warmer or cooler only about'50 | 


: hours a year more than current standards allow. In. 
_view-of the added efficiency which, would-be achieved . 


% 


snails. the ie inupack a of the enaray crisis, Significant quan- | 


a 


Flies regular operation of‘the HVAC system closer: - 


- to capacity, the — reduced. ‘standard of comfort | = . 


_ seems a bargain, 


~ ‘Veuitilating standards set { in the days belore. Cedi 


_ technology cause needless problems. Most codes require . 


.” ‘excessive quantities of“outdoor ventilating air: But 


a often ‘produce better results at bd savings. 


flooding buildings with huge “quantities of outdoor air 
-Yaises capital and operating costs — for additional heat- 


_ door air and fanpower to move it, Today; where fresh — 


ing and cgoling capacity, and for energy to temper out-: « 


-air is required to dilute stale, odorous indoor air; char-. 


- coal-sctivated filters, or even’ ultra-violet lamps can 
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‘. Revised requirements for building codes : 
s. Building'codes have Sometimes obstructed attempts bias 

« desipi, enekgy conserving HVAC systerns for buildings. 

‘To remedy, this situation ASHRAE developed a new set ©). 
“Of criteria, ASHRAE Standard 90:75 “Energy Conservas. 

‘, «tion in News i 


* 
Fhe 


‘Buifling Design,” so that local government > 
uilding codes wauid have up-to-date 


. \ 
bog. Cagenties thadwritp 
‘ iteria’ for reviaing: 
ty The new standard recommends that the percentape OF 

"glass required in, codes bedowered, insulation be greatly e.. 


“Vincreased, and likhting, and HVAC systems ‘reduced. Te. 


- °°" the -regommendatiogs “are followed,. school buildings = * 


their cades. 


ha could be built with, on average, about 40%? less capacity 
; in heating: systems and-30%¢ less in cooling systems. Ae 


school built to the new recommendations would use 70.; > oe 
sq ft ina year than dnew. sehaol. “+. | 
specitications. Peers ; 


ents less on enckgy 
; built. to’ the traditional code 


; Teven if a city, or county does not adopt.the ASHRAE is 
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"Tnitial*e "costs would: be’ Aba the same. ; The, reduced 
‘amount of WAC equipment would lower the cost of the ° 


= a 
ee 
see 


yecommendations there iso rwicht 
~ should not véluntarily, emb) 


"90-75 would exceed all the s re iret ot a ccity’ 5 old 


building,” but: ‘sired 'the design requires more detailed 
analys ig of the. future. requirements, the extra engineer- 
ing time will sitebe: — equipme ‘costs. - 


i 


wt: 


- Improved electrical’ design... 


Apart. from’ lighting, electrical’ Seen offers ‘blntiyly 


slight opportunities | for energy ‘conservation. With its” 


‘constantly i increasirig use of electricity.— for radio, TV, 


_ slide and movie projectors, teaching. machines;, signal 


ra fa sooo district” = 
478. ‘A sc ool built to i 


'. and PA systems — the school should, nonetheless, ex- 


ploit ‘all energy-economizing ‘opportunities, Basically, 


these opportunities involve more efficient distribution. 


and’ power-demand limiting devices, ‘ ae op 


~ Because of higher. line losses at- lower voltages, use of : os er 
* higher’ voltage transmission reduces a school’s electric, * . > 
- bill. As part of its energy- -conservation program, the. - 
“Géneral S@vices Administration now purchases electri> | 
cal power at 13 ,800 volts and-distributés the service at 
this relatively high voltage to’ local substation trans- 
formers located throughout a buflding: These:'trans- .‘ 


-: formers reduce the voltage to 277/480 volts for fluores. 
cent tHghting, heavy ee a and distribution... 


= 
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yee A second sat of transformers stepy the voltage from 480 77 
; otto 120/208 \wolts, for -receptigies and miscellaneous 
equipment: —-' typewriters, adding machines, clearing - 
/ > + 1 Fer’ large buildings, electtic utilities add a “démand” 
eet gurcktaurge to’ their basic rates, for installing ard main- | 
an ae ‘taining service facilities larger than kequired for normal 
“0 w' gexvice, To eliminate demand gurcharges,.a. Permissive, 
me yes Toad Control (PLC) can reduce electric billy by up to 1. 
<a, merely by disconnecting loads that are not im- 1% 
. ‘mediately vital to a building's operation. When vital,’ - ¥ 
- » géxview (nan-deferrable): load'reaches a ‘predetermined =r 
power’ level, PLC temporgrily disconnecta deferrable tesa a 
. loads, Essential services.include lights, general heating “ 
tind cooling, elevators, and cooking ranges. Deferrable © : 
services include tno hot water ‘heating, corridor 


o¥ 


‘ and stairwell heating and cooling; swimming poo] heat- — : 


ing, and sriow-meltiny heaters, which are disconriected 
in ‘reverse order, a a eH 


* =. 7 4 ¥ aed 


a to, ' a vs op ak 4 fg a 2 
2 >” Inefficient use of clectrical -power, fors which most 


ry 


- -wtilities raige rates, is another candidate for'correction 
: with widespread design pssibilitics. Induction motors.*. 
that. drivedias, compregyprs,. blowers, pumps, and the: «> - 


ar - like, sometimes oxhibit: 2 low. “Hower factor, (Some - 
—** + * “electrical devices, such gs lights, are free ae particu. 
°.. Yar powar drain.) Many utilities penalizy’ customers 
"whore. electrical equipment. operates. at an average... 
“0 power factor below a’specitied percentage (typically 
Sep _ 1 8696), and this practice is ose to grow, 


Oe te. 
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: ne Fey a 2 4 
* Capacitora installed .on these ene Jines : hy Fe io 7 
‘raise power factors and reduce power losses, by correct-_ 
ing. voltage/current ‘imbalances, In. some instances, _ es 
\. savings in averted power factor. charges can pay off the. : 
‘ capital investment for cpacitors within two years. _— 


‘ 


New: construction’ “thus atfords the designer an‘entite ~ — 
spectrum of enérgy-conserving techniques embracing . rg se 
those specifically discussed in this section plus other 
"techniques discussed under “Operations and Main- 
tenance Changes” and “Modernization. of Existing es us 
“School” ge ae a 


"Solar Bnergy a ek Bag tte Si 


Ifyou are consitlérinig building a facility that will use: the 
slim, to meet somp of its energy requirements: a few Cae oS 
~<pmidelines ahoulighe kept in mind. Any cost comparisons S 6 i oe 

~ With fossil-fuel heating’ and cooling systems should’ be 

+ aud on life. c¥ble costs, Not just initial costs. Make ho -$ 4 

Cet mistake, solar energy installations are Not, nee bea a = ‘ 


x 


ek hole ee 
7 he succoss of a ‘ Slar installation sepa 4 ona good i! 
E Kent: CONSEE VINE structure, T he e building shell shoul 


ter ‘the walls. (A typical. 10! 50s bric k school has a \ factor. o 
RA “nnd buildings designed to méet the School Cone. 2 te 
a struction. Systems Development. (SCSD) standards in’, re: 

“ the 1960s are up to R6.) Windows and dooi.area should, oe ne ees 
7 be minimized Aabout 42% of the exposed perimeter) and) 
* should:be protéeted froni,the wind by the use of fins'or A 
“recesges, The perimeter of the building should be kept rE hae ar 
is minim: sto reduce heat loss.” a aon 


re) 
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~ ‘To provide the most ¢conomicalmix of comffiltional and 


A kta datd for a well-designed solar building Is that it- 


- Only needs about 10. Btu/sq ft/hr .to keep it at AL 
comfortable tempgraturo in winter, A school without’ 


energy conserving featu res, often requires four to five: 
times thal amount of heat. 


ra i 


Climate ‘and Ideation affect the-suitability of  school-::4- 
house fordolar energy. In mos tpartes of the country there 
is notenough solar radiation £0 economically provide the 
“ Puilding with all the heat it nels, Conventional systems 

must be incorporated, into the design to provide addi- 


tlonal heat or cooling. Forinstance;.in the Northeast itis 


-flot economical for solar heating ta provide 100% of a 
‘af rensonable 


expectatyons 


‘y 


school’g heating requirements, but Hote. is 


yes 


- solar heating methods, the solar energy aystem must. be 


re) 
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‘and” other. components that have a minimum size noe 
“mattor how snvall the collector system. 


sized. with considera tion forthe available money, the fuel 
inftation rate, and the system component cost. If a 
systens isiteo small, salar energy cirinot be economically 
introduced because, of the fixed éosts of controls, pumps, 


If a collector takes over a large amount of the load, it will... 
work.at full capacity foronly a small part of the ¥ 
thus its load factor forthe rest ofthe year becomes too 
sinall to be economical, Rules of thumb are no substitute 
for engineering ¢alculat ions, but a simple guide for an - 


indirect system is phat collectors equal to. half the flobr 
space will provide about 70% of a building's heat require: | 
_mients. oa . 
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4 <a a aes ~ ; 


: ee ad 


, “os A j 
Dt 
it 


be 
he 


eds 
ay oi 


Praag Nei, qoifooLs <. a es 


ee a eer: : a 


80° “|nstalted, ee oan cost -anywheie trons $10 to $76 per 
gq ft of installgd! collector. This ‘includes the price of 7 
tanks pumpe, heat exchangers, piping, and thermostats, — 
8 “Phe ‘average cost’ is around! $20 per sq ft. In new me ne 
: . constriction Q solar: ‘energy ayatent van ropresen t from. 2 \ 
“3% to 6%, of the total: building cost, Albout .14rof the ee, 
“ building’ cost cpvors increased structural éxfichses for em 
; supporting the pollectors on the roof, Collectors repre. 
+7 sent Almost'50% of the total.cout of a heating and cooling - 
ar system, "th } ‘in. mainly because few, if any, collectors are + 
_ oh mass. prod ced: ‘As: more buildings. become ,solay, in: 
dustry will. mechanize and collector prices will drop. If - 
“. you' cari’t afford Fa complete system, consiefer installing . : i 


of fuel, you: will be able to add collectors... ee ae 
: Generally most systems that cost over gis per sq ft will Bee 
not pay for thernselves in energy saving Within the 20+ to fe 
30-year life df a bonds A well: designed ayatem can 
‘produce: energy that is competitive i in price with the cpat 


of electrical energy as a heat source over a L0- to 15: nyeah mg 
* /ospan. In the rear fu tire, with improved technology and 2e" 
rising” fossil: ‘fuel prices, solar heat will be competitive ~~ gee 
with oil and gasheata ae we ee 


o 


“At preemil, solar hot water heating i is the; nowt cost: ef. 
fective of all 4ow-termperature solar applicittions. This is 

a because the initial investment is‘small and hot, water ise 
aused throsighout ¢ he year This heavy and constant tise »: ; 
“gives a larger” load factor than in a,solar ‘space heating a Cr as 
_Bystem that stands idle all summmer:+- = a ee a 


sing, volar eis peat 2 


“tf the buil ling saermras ter es 


ae vee hoeboe Nat 
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2 * | pimps Pirgyide a vory aan approach. ‘These ‘af 7 81 _ 
vo -tgm havé™ projected’. payouts : in 10 “years, primarily 
> hécause of the small collector # BiZ0 ‘ind improved perfor: a 
mane aot Fig OR Ble 


_ phd er Ss 
:yaifon since and A sunaciiie costs uiuailly, represent . 
ia about 1% of aily mechidnical Keating system cost, Some 


ss systems require more ‘maintenance than: othiets to pro- 


tect them from corrosion pnd diclectri¢ difficulties. Solar + | 


Halt t 
Re € ia “aystems that use water must be protected by, aptifreeze oe 
a Seuind solutions or have automatic drain dow nystems that 
aoe eae ‘g ° ‘switch on when night approaches. Initial costs can‘bo:~ 4 ’ 
Ge ee a high because contractors: add contingoncies | to. ‘cover’: fe 


-. their, lack of experience in .this. field, Lng heud htudy.by ° 
. Westinghouse, contractors. were. rated , second. d.,oply:ta, 
a _bowsér_com panics in order. of resistance to-the, area . 
a, “golar energy... eee po ae 
a lye, “7 The: problem of gn rights’ rirtst: ba solved! hetote agin ia 
ae . ohergy.¢ can be fully accepted: NiFesfablished legal rights | o.. 
ea, >to ablar: -ridigtian exist. The closésiviuyong: jjavtome | to e 
aw oes _ granting’ ‘solar rights i is in Grent Britgan,” ie oll “English os 
moo, doctrin€of “Ancien ‘Hiahist, ‘pives ‘the Jarilowner the “7 
right | to receive: the cult ) uty: ampunt hugh. ‘and air, E ne 
T. he, Ue courts, h weg ave 8 eer ae Q 


poh _ 
82°) fal administrators should lege no tithe institute: . 
Set. |i!) “ghergy ‘conservation, programs inc iperporeetnt, inde ta = 
or ad , the ifollowingerteps:: ae ; ’ - 
1 ‘Reviow O&M personnel for’ their ‘qu liffeations’ to a 


ve ” cope; with th tincreadingly aophisticate mechanical. a ae 

; electrical equ pment’ going into schools, ; ha 

wo De Analyze decor conpumption in existing schools, 6 me a ile 
identify * soutces of % energy, qwante. ae ae 


= S: Include energy conservation a6 O major’ ‘viart of am gs 
Fier péaee program f for, modernization or new con- - 
; * struction project a ee Be loth 
he Ae Use’ life-cycle tc ating i aome variant that weighs if Cg as ide 
~ O&ME costa) to xeplacé; al uethe sole pmaone Fo Oe 
"contract's ivitirds. for: méchanital ® ae ane: onerey sg : ape 
. nae oe a7 - 
: ny ci . Z ; 4 vot, ‘ : 
a 4 oy 4 ae ax he 
eee . Gl a) a : gd ated: 2 etal 
a sah, wee . ee ‘ : a 
— aa ta "eat ie 
heat oS ae; qo cs ae 
wha 7 es . : @ 
woh ft 1 7 7 . tag il! 
9 a oe 46 | a re | 7 | 
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BaNbiX/LiFE-CYOLE (LONGTERM) 
}OSTING 0 OF BUILDINGS en SB a 


ro. A For a building where.tho owner p 3 O&M vO as vj re “gi 
SO ae cojfital costa,’ there arp. three = techniques | or 
tee computing life-cycle: (longterm) coats: . ia, 
eae Benelit/cott analysis,- Pe gia ee ee : 
. 2, Time-to-reopup yeapitalinvestmunty sg aa 
-. 3, Direct comparison of life-cycle costing fraimative. 
‘ayetems of Hulldind oF 9 gofil fife...» 


“ < rom a Benelit/cost an iyi forns i 0. dicisiont ‘oatoal vat 
Po ing an owner who amugt dee ether 4 ‘capital ‘fm- 
cy de). pravemont is econdmnicallyy it, Jf more sophisti-. 4 


jug Hest, 
(sf eated applications, A benpfit/cost, WAlysis ‘can ‘also. 
ft. * "provide a rational ‘basis, Aor’choosing anfong algernay 7 
., tives, alter the gorahénd decision has been’ made. ea a 
ete eo a 
a 8 Virtually ‘evary p feciaion that one makes entails, at least 
‘»,,8ubcbnaciously, sdme form of benefit/cost, analysis, We 
sare constantly, balancing: eh in time, money, on, ef, : 
‘ag Mort — against’ ‘benefits — in gaved: time, or simply in,* 
ab, satisfaction. “All costa and benefits must be reduced to \ - 


a2. to >. monetary value_and the ratio computed, ff benefits : 
ee oe oxceed costs, ie., the bonetit yeas atio excecds 1, then.” 
re the project is economically juatifidc ee eer ae. 
ae ae = - dite. Bogie , fy ge 


oar The second method, stimé-to,recoup dapittl investment, 
. merely calculates the time required to recoup the origi- 
ee nal capital investment through. annual O&M sayings, *. a 
ee - which are used to phythe annual debt service xequired’ 
ota amdrtize a Joan for the capital investmen nfftt this 


ca [- es : ~. ‘time is less si the estimated useful life of the ad ed 
Sg buitding g component, then obvioysly ' he a cag c 
eedaomichly i ented: i. _ ” a ne 
es eee oe cut ae en 
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: APPRNDDOLI Se OVOLE BILONG oe 
COSTING OF BUTEBING : 


mane Meo 5 Ge “ee I. 
re Seer er ome ae a eo ho i 
f or é +9 id = . . * 
Boa oe aA gy bese ‘ eis 
ates mae fa tet t ™ 4 . ‘ 

' Pare bas! 5 : : ? : 
. * ia ca : : 
Be eS wid ' 


“84° For ewcyele cost comparison, in its almplest method, 

». onégfan aimply reduce all costs to a total annual cost) == ss > 
“° © . for thé useful life of compared alternatives. Totalan- ‘°, - ae 
an nual pont (owning cout) comprises two hasic catogories: : 

"1, Amortization (principal and'intercat) of capital oe, 

- debt, normally financed by bond issue.) 

ha 2, Batimated annual O&M. oxpenaes. , 

In tho ninjplost case of comparing ar a sjnterna: . 

with equal useful. lives, the lowest total annual cost. - 
" among Systems, A, B, and C is casily, identified. But 

. whon the gystems have different useful lives, the prob- . 
lem hecomes more complicated. All costs. must be re- 
er@hérs. duced ta‘the samo usefu life, and amortization cost 
ra st reduced! to a uniform annual level.’ ‘Suppose, for cx- 

Meir: ‘ample, thata central HVAC system with 20-year useful 
‘life is compared with a packaged HVAC system with +. 

. 10-year useful life. if the ime HVAC system re; ° 


quires anticipated cost replacement of 70% of. its origi- *. 
. Qally: installed equipment fter 10 years, the' annual .. 
“coat of acapital recovery fund Necessary to finance that - 
cost over a 20-year useful life must be added to the basic. - 4 
amortization ‘cost, to’ moana’ a ae costy, Oe a eat . 


ae ae See - ey 
ife-cycle costing’ invol\es ae ae 


“The most aa errog inj 
“ attempts thcompare intial cash investment with anu: *. 

oo, ally paid charges. One c OF : etample, | claim that | 

“a $100,000. cash invest bat is, paid fin 10 yeag 

* cuta O&M .casts by aggro a yearsAt 6% dint Ket . 
takes more than 16 years to recoup. that initial invest+ 

. “-ment, Jintetest chiirges always apply, for the simple Tn 

_ “reagan that realm mye ays carries ae for eects, we Stee 
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* APEN DIX/LIFE. CYCLE (LONGTERM) 


# 


ite wad, and eed or ‘saved meridy alwaya carrics. the 


"potential, af earning intorest. 


“In eeoping with this principle, convert stare savir ga ae 
“‘present-worth” con- 
cortimon basis, with ©. 


to a “present-worth” basis: The: 
cept rduces future savings to a 


current anvings. This conversion fs: ‘lecessary because 
A dollar ot today is worth considerably. more than’: 


a dollar 


some years from now. (At. 6% interest, 


‘a dollax davell today is worth twice as smuch a4 a dollar’ 


saved 12 yéars from now:) ‘The present-worth formula 
ta # account of these future intere { Togses. 
“ 


/ 
Aga further means of i insuring fair, 


rok 


consiXtent cog nt 


parisana, Toduce comparative costs for al mati 
_temy ty anf annual basis, Evert thoughia-yohool ini 


- distinction 


~ may: trent “tat hs and capital coste 


comparison has been fiidde, ‘the 


§“be ignored in “analyzing what the’ . 
. " gchaol should'do for longterméconomy. If, aftet'a cost © 
capital . cost of ‘the | re 


2 Rghosen aystem, exceeds 1 the bond limit, “the ‘séhool board 
- may he forced: to rojeét the most ecqnomical alténative. 


_ But ithie ia ‘a legal, not an econo 


0 Cictapatiacts of HVAC systems fof haiti High i: 
# ). 


eee 


vA, Benefit/cost’ analysia is 
Total'fixet cost System A mers 
_ Total hirat cost System B | . 3 


reeds ia mn A by $ 


ce yo 


123,100 
298190, 
115s 090 


iferently, such... 


mic, constrdint and, eas 
showld be cleagly Tecognized as stich. * es : 


85. 
. e = 
: 
a, 
Ms 
rt 
. 

* 
aha 
ped 

: 
a 
jos 
‘ | . 
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| a asd ees nye 
86 AY ual osm Cont. a _ System A 
 ¢M "* § 24,000. 
of Hnergy (electric). . <:, -§ 94,660, 
a e-acuns - oat % $118,860" yer * $86,420 
a - Byatel A oxcodil cian Bby $ 33, 240), 


ee a 20-yent usta life foreach ayntom and a’ hm 


“interest rate... a ae 
' ne ee . - 


Cs / Debt aie copitant able . we ‘ae 
a A se par ee 
eG ae ae “net i's ities 

{ ‘ 4,0 : 5.0. 7,0. = 4 


"5 0.2246 0.2310 ods 9.24389 0.26046 0, soenod* 


i, 0.0736 019802'"9.0872 0.09430: 0.10185,,0.11746 


As. me ve 
nn Table fagtnote Sweet ‘a o ‘ fais 


Be 4 = Debit’ Service einai ‘ator that: smuitiptiod by oe , . 
fhe ia Igan masa or totalprinelpal, Siqlds the any. ae 


debt 8 rviter payment, 


SENDIX/LIFE-CYCLE (ONGTERM) . oe : 


ey un 10 0.1233 0,129 0.1359: 0.14238 0.14903 0.16275 
PEELS 0,0899 Q.0963 0.1030’ 0.10979 0,11683 0,13147 e ; 


- ie OH 0.0640_,0,0709..0.0782 0.08681 0.09368 “0.11017, 
7 2'"30 00678" *0.0651'-0:0726" "0.08059 008883 .0,10608 °°” 
- 40+ 00505 0.05830. 0665. 0.07601 0.08386 0.10226: . 


Lat . a ae ee ae 


a = 
av. 
‘ 
t, 
_ & 
’ 
4 
a 
. ee 
Ay an 
1 
Qs. "  F. ' 
ane ¥ : ‘ 
1 a ‘hy 
2 aS 
! oo ae 
Pays, 
x ne 
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" APPENDIX/LAPE cule onary ve he 
~ COSTING OF F BUILDINGS ae nn 


Mise aN JERS cP ag Ww bs ; 
= _ 
Compute ‘the debt bervies gonktant, d, for 54%" bret 87 
from the formula or interpolate between valuca’ ot an - 


and 6% i in the table; ds 0937. 


‘ “Am@utiz ization cost, D, for additiondl capital investnent hs 
“D =70837 x $115,080." oe dk, 
eo ey - j - : Se oe | 7 © — 
i ‘a a e ‘ _ : v : , . : 
ee Ponetit /eoat ratio = Adina LO&M saving _ gL 240 ‘*. 
Dee va 


: - oo Ba (a tremendous advantage for System B)- 
rw ae [ , : ; ‘ — ' 4 


an -B. Time | to FeeguR investment 


& whe . 
old how lone it would take to recoup the additional 
$115,098 ‘capital, coat, investment requifed: for. yatemn tie 7 
B, assuméthat the entire $33,240 O&M savingisup- ~ 
* plidd Hto paying off.a loan for ae 090 for n years at. oe 
i fo interest. ; — - 


8 naitoial capital cost ($115, 090) aoa 
: a ag ie kannual O&M saving ($33, 240) omy. 
rr ee W055 (ihterest-ratie) od y 
fe ly op = nuthber of yars to pay off Leni dub . 4 


* & , - Y : ual debt, service payment. ede 
: a = ¥ which in ‘this example eg or ar 
ay he A at - " o4e . | 
og \" \ : ' : fxd a. eo. 


“SPURADIN/APRCVOLE (LONG RM oe ae 
COSTING OF BUILDINGS. ae 
\ r - | ; 

° : ; J * fe si arts 
88 Jog 33, 240/.086 x 116,000 - - ree 
~~ (33,240/.066x116,090-1), » 

n= een ean Bee Oe. & 
ae + 065)- a a ae 


‘094.006, Jogt.068 ok 


 s = (0289 
. Z ‘ ‘ - F- ‘ 
= 4 years 4 A Se te 


ve For a simple sriphical Ypolutiont to: such ‘robles use 
_ the chart on page 69. Simplygcoinpute the ratio, C/S, 
and find its intersection with the curve for the correct 


interest rate. The graph will present solutiohs of more: tes i 
than-sufficient accuracy, for most practical problems. / 


- Warning: In. computing C ‘(additional capital Cost), 
_ you must include all costs associated with the improve- oi 
. ment, not merely the contract cost for the compénent ot 


7 |) (re _ e. ees : 
' ee - ee ote, a va 


: itself. These additiohal cos Shyer architectural- -ongi- 25 


“neering fees, additional finan¥ing or legal re soon, 


.-G, Total Tongterth savings i 

* HVAC System AY . : et 

7 Antiual O&M cost = i108, 660. . _ 
° yvac sibtemB ge OP ee ke aS 
“Annual.O&M cost = $86,420 : ar ee ce 

‘ Additional amortization $ 9,620 ° ee 


: "APPENDIX/LIPE.CYCLE (LONGTHRM) Roe 
1. COSTING OF BUILDINGS Ts 


ape oh ot - re 
Mm. wh 


oe ae ' : : — . ; . i | . ‘ : . : ‘ : i tas : 
time to Reckiff i Capital Investment ~ 4%, a ae 
t tty eae Be wee a) sine, 28 : = ‘ Naar a ; r) 
Pts Na : heres | 2 og js : 4 ‘ : _ : ‘ ' 
fc ear ne ae poon 


ae 
Keilor’. 3 
a §o ; 


_# ‘ —_— 4h ag anche 
ts Hie. Lie 
4 u is POT eran: ae ' P fe . 
*s a. oe Rafe i. , ee 7 ; 
ng Years to recoup cap) astmant... Pee gi 
ean ne aa . @ ‘ gee 3 Pye: mn 
~ ge gp A 
: Aere n .) i oot Pa 
DO eg ar 
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OM ron, 8, = slinnao~so 
“B= > $23,620, 


aoe Lexeat] (1.0 ae 
as B5)P—1p 
4 : : Present worth = = av, 28, 620 a = e : aa | - 


_Prowent worth ai 20-year difference se ég 23; ,620x 11,96 © oe 
a . gouge es = * $282,000 ar 


’ oy * 
igre * at af 


' 
,4 


' ‘ . - 
acre! © 8 Gostesaving with rising fil rates. ae eo 


Assume that energy costs riso at an annual rate of: i 2 Se 
«(geometric progressidn).. What would ne mse _- 20- ee 
y. yedrsaving? .« ” ; eee e oom 
_ Annual energy.cost! "System A $04,960 

Mia _ System B 967,000" 


ti ihe ‘energy cost r rises B% per ‘vet the following for . * ow a 
mula holds: beet 


> ? as go — 1S 
Present worth or total energy cost = =f! aed sa 


oh which Fs = Original és year a) annual ml “coat.” 
a 7) ] : 
og © annual rate of {ud 
' ‘With fitat year’s dont F 


ns = = number of yore, 


yihg : r 23; interest rate* 


” APPENDIX/LIRE-C eveneoNarsimy. 
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ee Ey i * aystan A Oe 

ee 2 Eero PES 1% 804, 660 x 23,20 =: “$2, 205,000 ' 
te + ‘Mdintonance 9" =, $24,000 x 11,95 =$ 287,000 

: | First cost eee Mahi) $1,123,000 ae 

es, Total “present worth” es * $9,646,000 615, 000°. sy 


Sr Ae ae - Syntemn B cise 
" Bnotgy cost ; |. = $67,000 x 29,29 = $1, 590,000 Sue 
s Maintengtice |.» = eit cape $ 220,000 °... 
Firsteost $1,298,000. 
Total “present worth” - ial . $3,018,000, on 


wee eee _ "Prevent woth” of 20yon st soving for ae ae 
<< aeons ae —— Des he ee 


“oe fneluded, from tactile museum to h Hla Tor performing Arts, for all 


ge ee fH poset Sate ee 


BFL, 10 Third a ee 
ave oe ind re 


The follawing publications are available from. 
Avenué, New York, N.Y, 10022" 0, 


VS wee ry 


ap 


An Appr nord pol ey ofthe LuminoueEnviyoament A” oe 
‘fully: listrated techiical report basdd on resdafch Wajower lighty | hot 

ing levels tv buildings without affecting lighting performance, = an eens G 
‘Published by tho’ Now:¥btk State Construction Fund. Available ae 


”. arte-and the Handicapped? An‘itphe a. Ginewowe 


“examples of how arte progfams d}ttacilities have been made 
Airlety of progeaina are. 


 " accosaible to tha handicapped, A | 
* types of handicaps. Special emphasin on the Taw, thy arte, aril the ae tas 
handiaapped., (1975) $4.00 4° > ete a ‘4 : 


othe Arts In Pound.Places Anvextensivo review of where and how 


the arta are finding: homes in recycled buildings, and in the procews 
often upgtade urban centers and tie iborhooda; Over 200 exam: oe hee 
. plea, with special emphnsis on 2g'g ngd don'ts,” (10978) $7.00 oS es 
« Carear Education Facilities Ap ‘ogramming guide for shared —- - yo 
facilities that make one set of spices or equiptmont farvea several Ser man 
purposes, (1973) $2.00 - St ica zt os 7 ; 


By tee fates ; Se hey gs 
1-0.” Gommunications Technologies in Higher Education Twenty- Moe aes 


tone profiles that were distributed during 1975-76 in Pinning for -- 


_ Higher Education update most of what has happened in this field. eo . 

". duringthé last decide, Available from Communications Pres, eg Bey a 

Inc, 346 Connecticut Avenue, N.W., Washington, I.C, 20036, " ae 
_ $13.05 casebound; $7.95 paperback; $7.00 Looseleaf packet, plus, oa 
Hoe shipping charges’ per order. - s aa 


_ . Four Fabric Structures Tentlike or sirsupported fthnic roofa pro- 

_ vide targe, column-iree spaces. for Wayasical reergation and student’ -, 4, 

~ activities at leas cost than ih Ce (1975) $3.00 |. : ae 4 
wh a 


‘The Graying of the Campus Gyidihéed on program pla lining and 


“+> >, gnvigagmental managemant for making postsecoindary education foes oe ; 
co  * univgriutly available to alder Americatis. (May, 1TAY BGO ny Me 


High School: The Procéss andthe Place A howto foel-about ee ERS. 
_ Cit! as Well as a“thow tado.it" book about planting, design, envi- ” wet 
‘ rfamental manngenenfai Cp bejvigral and wxial influences | 
of'school apace, (1972),$3.0Q Yg- So obs cae ata 
. Hoysing for New-Types of Students Colleges faced with declinivig’. 21,” 
_ ‘enrollments from the traditional age group should widen their. # 
“constituency by modifying their agcommodations'for ponior citt- 
zens, those aver 25, those under 18, the handicapped, married, 


* 


Fe 


pinssingle parents;-ete. (197%) $4.00. >” oe 

temd to Ambilatory Health Care Planners A general guide to 8 wore 

aking'health centers ifiore‘husharie and flexibla, Changing types yo 

f services should be anticipated and new partner ihthe delivery °° a 
é 


of Aocial wervices sought, (1976) $2.00). ; a 


ras we a 1 toe oF : ‘ s ; ; 
‘ ee ae a . fe eae on 
Sy Se ERE OR ey ek ee 
sg a gg ME oy : at f ¢ ae >, ee ae 
: a : eee Se Tes > 
a sel] : rr Le _ ry aries? 
&3 weoFe ree Os ee ae io - - 


ee oe Say ohh 
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~‘Phyutcal Recreation Pecl m ar 
> viding good facilities for. phystea! recreation in schoolé and col-, 


hy 7 technique known.to BFL Hrhpeaving the qua 


vist . gahibola, and suggestions for reorganizing. schools to prevent thei: 
= from becoming. empty. and unproductive. (1976) $4.00, 


“leges—air shelters, shared facilities, and conversions, signa) a 00, 


: ‘The Place of the Arts In ‘New Towns Reviews approdt 
-. experiences for developing arts programs and facilities int new : 
towné arid eatablished communities, Gives insights. and:miodels: for: 
., the, support of: the arts, including the role of the arts advocate. ; 


_ use of existing space, and: finane sing. (1973) $3,00. 


" Places’ and Things for. imental ‘Schools. vss avery: 
y of school Baile 

“Ainge ‘atid equipment: Found space, fu unity’ use, 

. reachout scltools, etc. Lists hundreds of sources, ( 1972)'92.00 


- Reusirig Raltroad Stations Book Two ‘Advocates the use of stan 


”. doned stations for combined public and commercial.purpeses,: 

including arts and educational centers, transportation hubs, and 
"focal points for downtown renewal. Explains some of. the intrica- 
* cles of financing that a nénprofit group would have to understand 
- before successfully developing a. railroad station. (1975) $4.0 


“The Secondary School: Reduction, Renewat;and Real Eotate. 
"An early warning of the forthcoming | decline in enrollment‘in hi 


“Space Costing: Who. Should Pay for the Use of College: Space? 
-°, Deseribes-a technique for cost accounting the spaces ‘and operat-' ae 


ing and maintenance éxpenses tothe individual units or Programs ie 


- id an institution, nf m_ $4) 0. 
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/ beat es 
bout sixty’ museums, a 
mul ib ‘centers, nee btief - 


Arté Fac Illes: A Sourcebook Where ee 
Ip’ since 


periddic cing, play ng, designing, ‘ind ° 
ting for tiblic inst ations, Free | : 


é following. films are available for ‘onial at ‘90: 00 ok ds pur- °°. 
éHase at $180.00 from New York University Film Library, 26 
é peainaton Pee. s New w Yorks :N.Y. 10003. baie: (212) ine 


ound gpace” into | a learning environment’ for™. 
oe eter a i ea is now the ; ‘s ve 


Room. to Learn A 22-minute, 16mm color film ‘about The Early 
- * Learning ‘Cenger in Stamford, Connecticut, an “operf<plan early - 
' childhood schcol with fatilities and program — some a 
the better: thinking in, this field. ; 
tee 


; The 1 City: An Environmental Classroom Age sminba: 

color filmy prodticed by EFL in cdoperation with the New York 
* City. Board of Education, shows facilities ahd resources’ in’ and *; 
around. the.city in which cue Programs of environmental : 
eduication:a are under: way: . Se ae a 


